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PREFACE 


Geographers observe and catalogue the facts of area differentiation 
on the earth, and analyze the signiffcance of these facts. They attempt 
to discover what it is that makes one area differ from another, or in 
differing areas liave certain aspects in common ■ T^hc facts 
which combine to produce differences from place to place arc of many 
diverse kinds, including those which result from physical processes, 
operating in obedience to tlic precisely formulated laws of physics, 
chemistry, or biology, ^nd those which result from cultural processes, 
operating under the much less precise principles of the social sciences. 
Geographers must deal witii these varied phenomena in so far os they 
lead to area differentiation on the earth. 

But geographers do much more than observe and catalogue. They 
also analyze the significance of differences which arc observed from 
place to place. To discover the significance, or meaning, of a fact of 
area differentiation requires inquiry into both causes and consequences. 
The present nature and arrangement of things on the earth have mean¬ 
ing with respect to the operation of physical or cultural processes in 
the past. To understand the significance of what is observ'cd on the 
earth today it is necessary to go back to origins and trace developments. 
But it is also necessary to forecast the consequences. Only when the 
present nature and arrangement of things on the earth have been pro-^ 
jcctcd both into the past and into the future, has the significance of the 
differences from place to place on the earth been fully analyzed. 

One of the basic factors in area differentiation is the distribution 
and density of population. It is this aspect of geography which forms 
the core of this book. A geographer is not interested in population 
density as a statistical fact to be anal>'2cd by statistical methods. He 
must see the pattern of population on the earth in its area relations, 
that is, in Its relative position with respect to other differentiating fea¬ 
tures of the earth. In this book the facts of population density arc 
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shown on Plates 1-6, beginning on page 583, Plates 9-20 show' the 
patterns of natural vegetation and surface conliguration—tw'o aspects 
of the physical land which, together, outline tltc major lineaments of 
the face of the caitlt. These patterns are drawn on the same outline 
maps as those used for the population density, so that by a comparison 
of the corresponding maps the major area relationships of man on the 
earth can be identified. These and the other plates make it possible to 
see the partem of mankind in relation to certain physical and cultural 
elements of the total environment which arc assumed to l>e relevant- 

This is the beginning of geographic study. At once rhe problem is 
raised; what is the significance of the differences of population density 
which are observed from place to place on the earth r The answer 
involves an evaluation of the various processes w'hicb have led to the 
present arrangement of people on the earth; and it also involves a fore¬ 
cast of the consct^ucnces of this present arrangement with respect to 
the economic, social, political, or strategic situations which we face. 

The analysis of the significance of human distribution on the earth 
invoives certain concepts of a theoretical nature. These concepts are, in 
fact, generalizations regarding man's relation to the land. The thco- 
retical concepts w'hich guide a field of study must never be accepted as 
beyond challenge—they must be subjected again and again to critical 
examination as they are confronted with new data. \ et as long as they 
survive such challenge, the concepts themselves must inevitably aficct 
the kind of data that are gathered. There can be no such thing as a 
complete description of the content of an area. The facts which arc 
selected as relevant are identified in terms of the theoretical concepts. 
For example, for many years geographers have observeti what tliey 
called "human responses" to specific physical conditions, guided by the 
theoretical concept that man’s activities w'crc in large measure deter 
mined by the relatively unchanging facts of the physical earth. This 
concept now' seems inadequate and inaccurate, since it can be shown 
quite clearly that the significance of any physical feature of the earth 
is ddferent for different groups of people; that the meaning of the 
physical environment so far .ns man is concerned is determined not by 
the inherent character of the environment, but by the importance 
attached to the environment by man. 




PREFACE 


In this book there arc five basic concepts regarding man’s relation 
to the land. These concepts are elaborated and Illustrated throughout 
the book, but may be stated in brief form as follows: 

1. That the significance to man of the physical features of 
the land is determined by the culture, or way of living, of the 
people; and therefore any change in the attitudes, objectives, 
or technical abilities of a people inhabiting an area reouires a 
re-evaluation of the significance of the land. 

2. That an exception to iliis first generalization occurs 
when the character of the physical earth itself changes 
rapidly in the presence of a particular group of inhabitants— 
as when there are volcanic eruptions, when harbors silt up, 
when rivers change their courses, or when tliere arc actual 
changes of climate; and that in such circumstances the land 
exerts a positive influence on man, 

3. That there is one basic necessity in man-land relations— 
that any human society, if it is to survive, must form a work¬ 
able connection with tiie resources of the land. 

4. That the simple cultures, in which the ways of making 
a living arc few, form a few simple, direct connections with 
the land in base areas which are closely restricted, and that 
die more complex Is the culture (that is, the greater is the 
number of ways of making a living), the greater is the variety 
of possible connections ivith the land, the less direct th<^ 
connections are, and the larger is the base area. 

5. That the industrial society is vastly more complex than 
ajiy previous society, and its base area cannot be less than the 
whole globe; and that its survival therefore depends on the 
achievement of some measure of world unity* 

•J Geography of Mofi is written for a variety of uses. Withour 
reference to the extensive bibliography given in Appendix F, and with 
or without reference to the other appendixes, it can be used as a text for 
elementary college courses in geography. In this way it makes a con- 
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mbution to general education, for the materials In the main part of the 
text make as little use as possible of specialized concepts or tcchnit^ues. 
The subject matter of the main text is fundamental to the other social 
sciences: it constitutes one formulation of the kind of knowledge of 
world geography which should be at the command of every educated 
man and woman. 

More definitely specialized material is placed in the appendixes. 
Appendix A, by Hibbcrd V. B. Kline, Jr., presents a general, elemen¬ 
tary picture of the nature and use of maps. Appendixes B. C, and D 
give in outline form highly condensed statements setting forth the 
principal facts and processes of climatology, geomorphology, and hy¬ 
drography. By making use of the references listed at the end of each 
of these appendixes, the material in this book can be amplified to pro¬ 
vide a much fuller coverage than is possible here. For more advanced 
students, whether in the other social sciences or in geography, the text 
provitlcs a new statement of the principles of geography and a study 
in the method of geographic expository writing and analysis. With the 
references included in Appendix F. it provides the kind of general out¬ 
line desirable for defining a student’s grasp of world geography at the 
pre-doctoral level. For professioital geographers and others it offers 
an up-to-date formulation of the concepts and methods of geography. 

A Geography of Man makes use of numerous passages from the 
author's An Outline of Geography (Ginn and Company, Boston. 1935), 
but the present book uses these passages in quite different context from 
that in the earlier work. Whereas Aa Otitline of Geography bad as its 
major objective an understanding of the landscape patterns of the 
cartli, the present book is Intended to offer an analysis of the signifi¬ 
cance of the differences in population density on the earth. In both 
books the same outline, consisting of eight groups of natural regions, 
is used—based on the conditions of surface and natural vegetation. 
These groups are used because they have proved to offer a satisfactory 
framework for the portrayal of the world's major natural features— 
features in relation to which man's pattern of distribution Is to be 
described. 
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Most parts of the earth’s surface are empty of human mhabUatits. 
Vast areas are only very thinly peopled, with small conmnjuitles sepa¬ 
rated by many tniles of empty land. In southeastern Asia, on the other 
hand, about half of all the people in the world arc crowded into less 
than a tenth of the world’s habitable area. In Europe a little less than 
a hfth of mankind is occupying an area which amounts to less than one 
twentieth of the habitable world. 

Yet to draw the conclusion that a great movement to the empty 
lands of the world is about to take place would be quite wrong. People 
are concentrated in certain parts of the world because these prts offer 
greater opportunities for the support of human life than other places. 
These opportunities arc in part the result of the resources of the earth 
itself, and in part they are man-made. But the tendency today, as 
always, is for people to move from areas of lesser to areas of greater 
coonomic opportunity. The population in areas of concentrated settle¬ 
ment is becoming more concentrated; the population of thinly peopled 

areas is becoming thinner. . it 

The fact of uneven population distribution is basic to the study or 

human societies and human institutions. Population density and ar- 
rangement are involved directly or indirectly in every economic, social, 
political, or strategic problem. Underlying all the great domestic and 
imemational issues of our time are the facts of man’s relation to the 
earth In every occupied square mile of the earth’s surface man en¬ 
counters a unique set of physical conditions, and, in order to survive, 
he must establish some workable connection between die human 
society and the resources of the earth. Man is indmatcly bound to the 
earth: from it he derives all the materials for his food, clothing, an 
shelter' from earth materials he fashions the tools which give him 
econoi^ic power and the W'eapons which give him rnilitary power 
Man’s civilizations have always been, and always wdl be, constructed 
on the foundations of a particular set of relations to the land. As John 
Dewey has written; "Human nature exists and operates m an environ- 
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iiient. And it ii not 'in* that cnvirontneiti as coins are in a box, but as 
a plant is in the sunlight and soil'* 

The Influence of the natural environment on human life is chiefly 
one of limitation and hindrance. The stimulus to such action as will 
overcome obstacles or take advantage of opportunities is provided by 
man himself. Man alone, among all the forms of life on the earth, 
possesses the capacity to raise his head and look about him, to observe 
his surroundings and himseif, to simplify the confused complexity of 
the things he sees by arranging and classifying them, to imagine ex¬ 
planations, and to make use of his knowledge, little as it may be, in 
altering and transforming at least the more plastic parts of his habitat. 
Yet most of the basic conditions of life are beyond his control: he is 
still a product of die earth and dependent on it. 

Nature itself is quite indifferent to human aspirations. A land is 
neifJicr friendly nor unfriendly, except as man has aUs'ays personified 
the natural forces about him and given them human attributes. Re¬ 
peatedly history offers examples of the changing habitability of specific 
regions. The same countries which to one people seem to be inhospi¬ 
table and lacking in resources, to another people may seem to offer 
great advantages for the development of human society; and the same 
countries which once provided support for a flourishing civilization, 
may now appear as difficult places in which to make a living. What is 
the difference? In some cases, perilaps, there have been climatic 
changes, or shifts in the courses of rivers, or other natural phenomena 
that do actually change the physical character of the land; but in many 
{^hcr instances there is no evidence of such change. The difference is 
in the human group. For a people without steel plows, railroads, or 
great urban markets, the world s grasslands, for example, were rated as 
lands of W protluctivity; but for a people armed with tJic mechanical 
equipment and possessing the economic institutions of the industrial 
era. these same lands became major sources of wheat and meat. The 
story does not always run in the direction of progress, however. There 
are many regions in which a human society, armed with primitive tools, 
was once able to form a workable connection w-ith the resources of the 
land, but in which men with machines have been unable to survive 
because of the rapid destruction of the resources. What degree of slope 
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is too steep for agriculture? The anstt'cr to this question depends on 
the technique of farming, for slopes which can be cultivated widt the 
hoe may be much too steep for farmers with plows. 

In odier words, the significance of the physical conditions of the 
land depends on the attitudes, objectives, and technical abilities of the 
inhabitants. 

These attitudes, objectives, and technical abilities of a people arc 
traits which form a part of the traditional way of living. In the long 
course of iiunian history various human groups have appeared, each 
having its own peculiar set of beliefs, its own institutions, its customs, 
its familiar foods, its consecrated system of moral values. The tendency 
is strong to resist change. The aggregate of all these customary fomis 
of thought and action which characterize a people is what the anthro¬ 
pologists describe as a culture. 


Stages of Culture Development 

Differences of culture arc easily recognized* There are certain cul¬ 
tures, some of which survive to the present, which can be described as 
simple because the traditional ways of making a living are few. Others, 
notably our own, are complex because there are many ways of mating 
a living, In general, the more complex the culture, the greater the 
density of population that can be supported. 

Although it is obvious that man s cultures have changed over the 
ages from the simple toward the more complex, there is disagreement 
among social scieniists regarding the nature of this change. Has there 
been a more or less steady evolution within each culture? Some writers 
believe that such evolution is a useful generalization of man s prepress. 
Others however, believe that the outstanding characteristic of a culture 
is its resistance to change. They have reached the conclusion that 
change takes place suddenly in particular places, and that penods of 
sudden change are separated by long periods of time during which the 
basic wavs of living remain untouched. Sudden change usually takes 
place in locations where for one reason or another the inlhiences of 
several quite different cultures are brought together. 


7 


A geography of man 


Viewed, in the larger perspective, man’s ways of living on the earth 
can be sliown to have advanced from simple to complex in three major 
Steps as well as in a large number of minor steps. The hrst two of the 
major steps were taken before the beginning of written history. The 
first step was the discovery of the use of tools and mechanical devices 
to aid human muscles; it w'as made ages ago by the manlike ancestors 
of the human species. The second major step was taken some time later 
when men first learned how to make use of domesticated animals and 
crops. There arc some people today who have not yet learned to use 
domestic animals or to plant crops, but such people survive only in 
remote places. The anthropologists tell us that both these ancient steps 
in man’s adjustment to the land w'crc followed by centuries of con¬ 
fusion and readjustment, when the basic traits of man's cultures were 
subjected to fundamental revision. 

The third major step in man’s progress is being made, and w'c live 
in the period of turmoil which any basic change in vvay of living must 
inevitably produce. January 5, 1769, is a date of profound importance 
to mankind, for on that date fames Watt patented his first successful 
steam engine. This was the first important use of controlled inanimate 
power, and the application of this new technology to the problem of 
making a living from the land has produced changes so fundamental 
that human life on the earth is being revolutionized. 

The emancipation of man from a life of hard physical labor for the 
production of bare necessities began with the nineteenth century. Once 
the basic techniques of natural science, invention, and engineering had 
been learned, new control over the forces of the physical earth came at a 
faster and faster rate, until now the prospect of controlled atomic energy 
is before us. As a result of all this, the mechanical aspects of life have been 
transformed. Transportation has been so completely change<l that now, 
for the first time in human history, it is possible to transport vast quan¬ 
tities of foods and other materials from one ^vart of the earth to another. 
Inanimate power applied to industry has so immeasurably increascil 
man’s capacity to produce useful things from earth resources that it 
has now become mechanically possible for all people to live in greater 
material comfort than was possible for kings in centuries past. Inani¬ 
mate power, together with the products of industry applied to agri- 
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cuW, has rendered time-honored farm techniques obsolete, and 
transformed Unds which were once rated as poor into lands ot high 
productivity. The capacity of man to produce the essentials of 
dothine, and shelter has been enormously mereased in the period ot 
less than WO centuries, and tills increase is on a scale vastly greater 
than any previous change In such capacity since the domestication c 
animals aL plants. But with all this remaking of the mechanic^ 
aspects of life, the economic, social and political institutions and the 
mLl values of man’s cultures still retain many forms developed m an 
earlier period and not yet harmonized with the new capacity to contro 
and utilize the physical re^urces of die c^th through co-operati^ 
and interdcpendLcc. Because of diis lag, these same newly acqmr^ 
powers, incredible as it may seem, have been used m destroy not only 
Ehc resources of the earth, but man himself. The suicide of the human 
race is so dangerously near that men no longer know whether to face 
the future with optimism or despair- 

OCCIDENTAL CULTURE 

At the dawn of the industrial era mo.t of the people of Europe 
practiced the same basic techniques and were familiar w.th the s.^e 
kinds of bstimtions- This was the Ocadaital culture, which had had 
its beginnings in classical antiquity in Egypt, Mesopotamia, Greece 
and £tne and had been only slightly developed or modihcd in its 
bllnmls during the long course of pioneer scukmem in Europe 
north of the Alps. The outstanding fact concerning prc-industrial Occi- 
Zml culmre was its dependence for power on human or =mimal 
or on such uncontrolled inanimate power as wind or falling 
wrter Because the absolute necessities of food, clothing, and shcher 
Zd to t largelv provided by human work, the greater proportion of 
1 , 1 Kn nf Occidental people was expended for bare subsistence. Only 
Ibe L who owned title to the land enjoyed freedom ^ 

divided^m.^ V.S. priva« The wha» m- 

ot the lana ^ clustered about the great 

“ wX d.. walkd to*;. wh<. soldier, osuld give pr^oc- 
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tion. Along with the lords, the officers of the army, the priests of the 
church, and at least the higher officeholders of the governing bureauc¬ 
racy enjoyed positions of prestige. 

This society has been described as an "illiterate agricuUuralism." 
Most of the people had no time to lift their eyes from the land on which 
they laboral. With the traditional farm techniques widely in use, yields 
per acre were small <w'hcat, for Instance, gave only from six to ten 
bushels to the acre); and each community was entirely dependent on 
the food products of its immediate vicinity. Jt was a system of local 
self-sufficiency, of economic independence for small areas. Because 
transportation overland was slow and costly, only luxury goods of high 
value could be brought from distant places, and such goods were of 
interest only to the small minority of weU-to.do people. Local crop 
failure meant famine, even if supplies were abundant in some neighbor¬ 
ing area perhaps less than a hundred miles away. Only where sailing 
ships could bring bulky products to seaports could commerce reach out 
to the foods and raw materials of many distant places. Especially in Eng¬ 
land and around the continental shores of the North Sea, commercial 
towns made their appearance early, and to these places came not only the 
goods but also the ideas of many people all around the world oceans. 

The Industrial Revolution began in England in the late eighteenth 
and early nineteenth centuries. With it came such profound changes 
in the accustomed ways of living that many aspects of the traditional 
Occidental culture disappeared and new traits made their appearance. 
For the first time in history the presence of coal underground became 
significant in the location of people. With power furnished by steam 
engines, large industrial establishments could produce not only the 
essentials of life but also the luxuries in much greater quantities and at 
much lower cost per unit than had ever been possible before. Quickly 
the luxuries became so widely used and life was so quickly adjusted 
around their use that these new items became necessities. The tradi- 
rional prestige of the owners of the land was challenged by the new 
economic and political power of the owners of capital; that is, of the 
tools or machines with which people worked. ' 

The new system raised the general level and security of living. Not 
that everyone was now able to be free from wants; in fact, one of the 

10 


MAN ON THE EARTH 


peculiar tiaiis of the new way of living is the continued expenditure of 
effort to increase the wants, and so die frustrations, of the people. But 
compared with the way of living in the pre-industrial society, the variety 
and certainty of the foods, the quality of the clothing, and the adequacy 
of shelter were all raised to an unprecedented level while the hours of 
labor were decreased. Along with these changes came the enormous 
increase of commerce and the growth of education, of democratic insti¬ 
tutions, and of scientific ideals and humanitarian sentiments.’ 

The impreccdentcd scale on which goods were exchanged m the 
new system gave significance to locations where natural routes of travel 
converge. Here cities grew. Great cities—that is, cities of mwe than a 
million inhabltaiits-made their appearance for the first time in history. 
London passed a million m 1802; Paris about 1850; New York about 
1870; Vienna in 1878; Berlin in 1880; Tokyo. Chicago, and Philadelphia 
about 1890; Calcutta in 1900; Buenos Aires about 1906. Today dierc 

arc iiftv-onc great cities in the world- 

The use of controlled inanimate power made these cities possible. 
Previous to the use of such power so many people in such a small area 
could not have been supplied with food. But with the development of 
railroads and ocean ships, an urban population was able to devote itself 
to commerce, manufacturing, and arts and sciences, or to serving other 
people in these professions; and such non-food-preducing people could 
be supplied with food from distant sources of supply so scattered that 
local crop failure had little effect. The urban people can produce so 
much beyond their own needs that they have plenty to exchange with 
those who .supply them with things they lack. But never be ore the 
present rime has there been such a demand for the raw materials of the 
«rth The mining of ores and fuels, the cutting of crests, and the 
exploitation of all resources have proceeded on a scale never before 


ima 


The MW IndMml socitty by iis cwoMiJ nMure was global in .ts 
scope, mtcmational in its needs. Local sclf.^icncy had to be aban¬ 
doned foe world-wide economic interdependence. Wly had the pos- 
sibility of building with all the varied resources of the earth; but in so 

■Kinplt. TTir W^rld Trs.^don,- »/ 
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doings society became vulnerable to any natural or human disturbance 
of the steady flow of traffic along the new lines of transpoitatiom The 
old economic, social, political, or military forms became insuMdent 
because the new society could accept no limitations but the globe itself. 

The industrial society had its origins around the shore of the North 
Sea in Europe, In England, nortlicrn France, and parts of neighboring 
countries, the Industrial Revolution introduced the new way of living 
more than a century ago. This change can now be studied only in the 
history books. But the transformation did not stop there. Like ripples 
on the water, the industrial way of living spread from this center. It 
came quickly to the United States, Canada, Australia, and New Zea¬ 
land. It moved more slosvly eastward into parts of Germany and 
Austria, and southward into northern Italy. At present it is making 
its appearance in the great cities of Latin America—in Sao Paulo, 
Buenos Aires, and Mexico City. Elsewhere in the Occidental world the 
older way of living still exists, only slightly mcnUficd by contacts with 
the centers of industry. In such places great resistance has developed 
to the profound changes which follow industrialization. The Fascists 
have attempted to select certain aspects of the industrial w'ay of living 
and to reject the others. Along very dijfereiit liiie.s the people of the 
Soviet Union arc attempting to do the same. 

As a result. Occidental culture is no longer one thing. To describe 
its relation to the land it is necessary to recognize three major sub¬ 
divisions in the world today, each with notably different attitudes, 
objectives, and stages of technical skill. These are: the indmtnal sodeiy 
itself, where the transformation of life along urban-industrial lines has 
gone the farthest: the pre-industrial society^ where illiterate agricul- 
turalisnt still persists; and the soviet society, where a rcvoluiionarv 
communism has rejected private owjicrsliip both of land and of capital, 
but where the technical skills of the industrial society arc being 
hurriedly learned. 

OTHER CULTURES 

The Occidental culture has ilone more than transform itself, how¬ 
ever. Especially is this true of the industrial society, which, because of 
ITS world-wide needs, has now reached out to the most remote parts of 

12 


MAN UN THE EARITI 


the world. Today very few people remain anywhere whose way of 
living has not to some extent been changed by contact witli Occidentals; 
and such contacts have in many cases been disastrous for the primitive 

peoples. , 

The world’s simpler cultures are quickly wiped out by contact with 

the Occidentals. Consider the case of a hunting people, where the 
number of hunters is in delicate balance with the supply of game 
animals. Into such a community the Occidental trader comes to estab¬ 
lish a trading post, seeking, perhaps, such high value products as furs. 
He sells hrearms, ,amQng other items, in exchange for furs. But fire¬ 
arms quickly upset die balance of hunters and game, and very soon 
indeed the hunters are forced to flee from their traditional lands because 
of the lack of food. Around the trading post, or, with good luck, around 
a mission station, the poverty-stricken remnants of the hunting people 
arc clustered, an easy prey to the white mans diseases against which 

they had developed no previous immunity. 

Contact of the Occidentals w irh the somewhat more complex cul¬ 
tures of the Orient has also brought changes of enormous significance. 
The Japanese had adopted certain aspects of the industrial society, but 
these aspects, superimposeti on the ancient traditions of an Oriental 
people, brought about a war of unprecedented destruction. Indus¬ 
trialization has also come to parts of India, Java, and China. Some of 
the more optimistic of the Chinese thinkers believe that a new culturo-- 
ncither wholly Oriental nor wholly Occidental-will be evolved out of 
the present chaos of the Asiatic world. 


the industrial SOClE-n' AND POPULATION 

One of the far-reaching results of the growth of the industrial society 
has been the Increase of population. Before the beginning of the nine- 
««ith «nmry the popuWon of Europe, for 
slowly from aboul 100,000,000 in 1650, to about 140,000fl00 m 1750, to 
about 187,000,000 In 1800. Birth rota wero high, but so were death 
mtes Deoths, espeeiolly of children, were due to lock of hygrerte, to 
pooc nutrition, li m poyerty. Fomincs ond cpKlcmjcs prevent^ ony 
^ ropid incrcose of the populolion. But during the eighteenth ond 
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nine(t:ciith centuries popubtion suddenly expanded: cities burst from 
inside the ancient walls that had long protected them; forests were 
cleared and new farms established farther and farther from the market 
centers. By 1900 there were 000,000 people in Europe, and by the 
middle of the century there will be nearly 600,000,000 people. 

Not only did populabon grow in Europe, but from that continent 
came one of the greatest migrations of history. More than 50,000,000 
people left Europe in the century after 1846. Most of them poured into 
the United States, but large numbers also went to Argentina and Brazil 
in South America, to Oanada, Australia, and blew Zealand, and to many 
other places. Between 1775 and 1940 the population of the United 
States increased from 2,500,000 to over 140,000,000—a growth which 
has no equal in all history. 

The grow’th of population with industriaUzaiion is a common 
phenomenon. The industrial way of living brings better food supplies, 
less danger of local famines, larger economic opportunity, an increase 
of literacy ^d education, and better hygiene and sanitation. The result 
is a drop in the mortality rate, especially among children—a drop 
which began slowly in the early nineteenth century, but which con¬ 
tinues at an increasingly rapid rate. Birth rates at hrs't remain high, but 
after a lag they too begin to decline at a more and more rapid rate. 
The net result is a period of very rapid population increase, followed by 
a decline in the rate of growth, and finally the achievement of a nearly 
static population again. The whole cycle has been passed through in 
parts of western Europe; and it has gone well beyond the peak in the 
United States, Australia, New Zealand, and CanadL It is just beginning 
in the Soviet Union, however; and what will happen following the 
industrialization of China, India, and fava remains a major issue not 
only in the economic problems of the world but also in the problems 
of political reorganization* 

The period of expanding population was an extraordinarily pros- 
perous one in the Western world, especially in those oversea cmintrics 
where Europeans were able to move out into new fifst<iass lands, as in 
the United ataies. As cities grew and markets for food products were 
constantly increasing, pioneer settlers moved onto new land from which 
the very seamy native population had been all but completely removed 
14 
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Railroads were extended to provide cheap accew to markets. As new 
scrilcnicnts appeared, as new railroads were built, as new towns were 
established, and as population as a whole continued lo grow, there was 
a steadily Increasing market for the manufactured products of the cities. 
Steady expansion^mtermpted, to be sure, by panics and depressions, 
but nevertheless always going on to new hcightsh-this was the basic 
characteristic of the nineteenth century capitalist society. And m both 
country and city the increase of population and the spread of settle¬ 
ment brought about a great increase m land valucs-the s^al^ed 
•'unearned increment" of the economists. This mcrea^ of land value 
is the basis not only of many large fortunes but also of a vast number 

of small ones. . , i 

Now Eofoptans i" Europe as well as those who have gone overseas 

face a new dilemma. Especially in ihe United States, there are many 
who express a deep faith that the process of expaiMtoil can conttmie m- 
definitdv. Even if [wpubtion no longer increases, they say there arc 
still onmld Indnstrial frontiers. Yet the basic fact mmatns that m the 
late stages of the cycle of change, population a^tn b^omes reblwely 
static: Lf continued business expansion lacks thw solid social founda¬ 
tion expanding numbers nf individuals The unearned tneremen. 
has been collecred. No first<lass new lands arc available for pioneer 

"'Artwfind ourselves facing the need to adjust to a static ^lety, wc 
also find chat the capacity to produce no. only teic needs but also 
luxuries has enormously increased. The mam problem today is to te- 
adiust the economic, sociaU and political forms of our colturo. most of 
which we inherit from before the industrial Revtdunnn. lo the facts of 
moJern mechanical and technical skill. r 

Under all the confusion and uncertamnt of thw exiroordmary pc,.^ 
of human history in which we are privileg«f to live there ts the fund^ 
mencal fact that no human society can long sutvtve which fails to esiab- 
lish workable connections with the resources of the land. Even ™r 
LhW productive technical shills will no. insure survival. we squander 
thf e^Itial row materials of the earth widmu. though, of rcplacer^nt 
Many of the simpler cultures have been more successful than iw: m ih 
establishment of permanently workable conneeuous wtth the lamly^hey 
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occupy. In the United States wc have used forests, minerals, and soils 
at rates which, if continued, cannot fail to bring us to disaster. Even 
the raudi publicized "substitutes" developed during World War 11 
by the chemical industries retjuirc the use of raw materials from the 
earth- 

Whether the resources of the earth arc sufficient to maintain a per¬ 
manent industnal society in which all the world's people might par¬ 
ticipate IS a (question. There are some who insist that if earth resources 
arc used in accordance with the l>cst techniques, there is "enough and 
to spare’*; and that only the wasteful methods dictated by the division 
of the earth into sovereign states, each desiring self-sufficiency, or by 
the nineteenth-century system of exploitation for private gain, or by the 
wars on the scale of those in the modern era, can destroy resources so 
fast that man may again be faced by basic lacks. On the other hand, 
there are others who quote the enormous figures of production which 
would lie necessary if all the world's people were raised to what is 
commonly described as a mmimum standard To provide all the 
world’s people wltlt such a standard would, according to a United 
Nations committee, require increases of production of the followHng 
order: cereals, 50 per cent; meat. 90 per cent; milk and other dairy 
priahicts, 125 per cent: vegetable oils, 125 percent; and fruits and vege¬ 
tables, ,m per cent,- The question is whether our capitalist economy or 
any other system could manage to develop and maintain such vast in¬ 
creases in foot! production at sufficiently low cost. The answer is not 
clear. 

Before tliesc problems of social science can be studied profitably it 
is csseniial to examine the present distribution of people in the world 
and thdr relations with the resources of the land. For what befalls the 
human race in the centuries ahead will, in part, flow from the present * 
and, similarly, to understand the present it is necessary to go back m 
origins and trace developments. The present pattern of people is ob¬ 
viously not a static thing; it is a stage in a process of which the two 
basic elements arc the human culture and the land. 


'Kirtlcy F. M.ithef, Sfmre, Ntw 
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The Laud 

In human problems, as we have said, the land plays a neutral role. 
It has often been likened to the stage setting on which a drama is taking 
place. But the stage is a very complex thing, and it contains many items 
of no significance to the action of the play, and many other things which 
come temporarily into importance during a particular act or scene. The 
physical patterns of the earth should be considered as something entirely 
separate from the human patterns, although, to be sure, in each region, 
district, or locality there is the constant need to adjust human activities 
to the conditions of the land. To the human drama, however, the land 
remains neutral—neither favorable nor unfavorable in itself, but only 
as the play gives It these r^ualitics. Furthermore, in terms of the human 
rime scale, the land is relatively permanent and enduring. Man with 
his comings and goings, his wars, even his ideals and aspirations, seems 
small indeed when measured against the earth, the surface of which 
he inhabits. 

THE M.AJOK LINEAMENTS 

The face of the earth itself is an extraordinary place. In spite of the 
wide range of possible temperatures that exist in nature, from the tre¬ 
mendous hear of the hottest star to the appalling cold of the outer 
reaches of space, here at the earth's surface arc found air temperatures 
at which water wHll neither freeze nor boil. All the organic forms we 
know, including man, arc dependent on the fact that life is only possible 
in the presence of water, which is a liquid. The distribution of water 
on the earth is a basic fact of existence. 

Among the major lineaments which make up the face of the earth 
arc the continents and ocean basins. The continents arc compiled of 
relatively upstanding masses of the earth's crust between relatively 
down-sinking portions, which make up the ocean b,isins. The dif- 
ference in elevation, or relief, above the center of the earth of these 
contr.isted parts of its surface averages only about three miles, or less 
than 1/1300 of the radius. The maximum difference in elevation is 
about V miles (between Mount Everest, about 29,000 feet above sea 
level and the ocean deep off the Philippine Islands, about 35,000 feet 
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below sea level)- But even this is only about 1/J30 of the eartli’s radius. 
Small as are these differences of elevation compared with tlie size ol 
the planctj they nevertheless measure the major relief features of its 
surface. 

Only about 28 per cent of this surface, however, stands above tire sea. 
Water fills the ocean basins and, overflowing these, inundates also the 
margins of the continental masses. As a result the continents arc for 
the most part isolated, while the oceans are relatively continuous. Tlierc 
is more than trvice as mucli land north of the equator as south of h. 
Except for Antarctica ail the continents are broadest in the north, even 
those in the Southern Hemisphere, There is an almost complete ring 
of land around the basin of the Arctic Ocean, while, in contrast, the 
tapering of the continents toward the south leaves an almost uninter¬ 
rupted sea in the higher mUidIc latitudes of the Southern Hemisphere, 

All these various continental masses arc tied together by more or less 
continuous chains of high mountains. These mountain ranges, passing 
from continent to continent or Festooned around the oceans in strings 
of islands, form a framework to which arc joined the other major 
lineaments of the earth’s face. Without regard to the complexity of 
dentil at this time, the general distribution pattern of high mountains 
is one of relative simplicity bur profound significance. In a sense the 
central and southeastern part of Asia is the core of the world’s lands, 
and in the present-day world it is composed of a complex knot of 
towering mountain ranges. From this core mountain axes extend in 
three directions: one westw'ard through southern Asia, southern Europe, 
and northern Africa to the etlgc of the Atlantic Ocean basin; and one 
northward and one southward to form, through the American conti¬ 
nents and the Pacific margins of the Antarctic Continent, a broken ring 
of mountains around the basin of the Pacific Ocean. The manner in 
which the several continental masses arc joined to this framework gives 
to each its own peculiar shape. Yet these various lands, when plotted 
on a polar projection, appear as three peninsulas radiating from the 
Asiatic core (Fig. 1): Europe and Africa, depending from the western 
limb of the mountain system; the East Indies, Australia, and New 
Zealand, depending from the southern limb; and the American con¬ 
tinents. attached to the limb which starts northward through eastern 
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Fic. 1. Tht arrangement ai mountains end eontineals 


Asia mi cro!«s into the Western Hemisphere through Alaska. The 
land masses of the world, therefore, are not symmctneany arranged 
with reference to the poles and the divisions of bmude and longitude. 

All these features would appear as major lineamcnu of our planet 
if it were viewed from a distance-let us say hy an oWer on the 
moon. The patterns of land and water distribution and the chains of 
high mountains would prolrably stand out tonspicuously. But in 
aiUltion, the land areas outside the mounlaui regions wouU pr^ably 
be divided into a mosaic of lighter and darker patehm. The reltef of 
these nonniountainuus areas would be inconsptcut^ but the cover of 
natural vegetation would provide great contrast fr™ one region to 
another. The chief vegetation types-ihe to^, the grasslands, the 
deserts, and the tundras-raust also be ineludcd among the major 

’^hem'vegemh™ *' ™“’‘' ''"'“'“I n l!'' ''^Tn'’’ 

are the great climatie emblems. The regions of l^t ratnfall or con- 
tinuous rold are but scantily covered by plams; the regitms of heay 
rainfall, on the contrary, are forcsKovered; die fmesm of the hot lands 
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arc dense and luxuriant compared with those of the cooler regions: 
even the rhyi^ of the seasons finds expression in the changing aspect 
of the vegetation cover. 

The climatic features, unlike the land masseSt arc systematically dis¬ 
tributed over the face of the earth. In a general way latitude is a control 
of chmaiei but die simple arrangement of climatic zones parallel to the 
cfjuator IS broken up by the great differences, at the same latitude, be¬ 
tween climates developed over rJic oceans and climates developed over 
the lands. To the ancient Greeks we owe the concept of 'klimata ” or 
zones based on differences of latitude: and the persistence of the old 
Jive-zone division of the climates is a tribute to its simplicity. But the 
old torrid, temperate, and frigid zones” represent an oversimpUfication 
of the facts of climatic distribution and cannot be given any place in a 
modern treatment of that subject. Nevertheless, the arrangement of 
the different kinds of climate is systematically controlled in part bv 
latitude, in part by differences of land and water, an<l in part by various 
other influences of lesser importance. Over each continent, therefore, 
at a given latitude, the arrangement of the climates and of their visible 
expression in the climatic emblems forms a strikingly similar pattern. 
Without mountains the similarity would be very great; the actual dif¬ 
ferences of design which distinguish one contincni from another are in 
large part the result of the mountains. 

For the purposes of this book eight major groups of natural regions 
are adopted. Each group includes regions in different parts of the 
world which arc broadly similar with respect to the surface features 
and the natural vegeution. Although the process of human settlement 
has so completely transformed the cover of vegetation that to recon¬ 
struct its patterns on large-scale maps of small areas is fret^ueiuly im- 
pmsiblc, the reconstruction of the major patterns on small-scale maps 
of large areas can be done with precision adet^uate for the scale in all 
parts of the world except eastern China. Both surface features ami 
vegetation are used in defining the groups: the first seven groups In¬ 
clude regions which are nonmountainous, and are distinguished on 
the basis of the natural vegetation ; the eighth group includes mountain 
regions. The order, as presented in the following list, is a matter of 
expediency. 
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(JRUUP T 

THt Dxv Lan'iw 

GROUP II 

The Tkopicai. EoittiT Lahw 

GROUP III 

The MEtKTtJutANEAK Ikni'B Forest Lanto 

GROUP tv 

The Mii»*Latituih Mixtu FodtjT IhAnus 

GROUP V 

The Gjias&cancis 

GROUP VI 

The Bueeal FfmtiT Lahbs 

GROUP vn 

The Polar Lan»> 

GROUP \T(l 

The MovMAist Lauds 

In the chapters which follow we shall discuss the nature of the 
physical laiul and the experience of human societies in forming con^ 
ncciions with the land in each of these groups in turn. Yet as we con 
sidcr the diricrciu regions of the earth we arc constantly reminded that 
the industrial society, with its great urban concentrations of people, its 
incredible capacity to produce things from the resources of tlie earth, 
and its great need for raw materials on an unprecedented scale is 
essetitiaUy global in its scope. There is still the same basic necessity to 
form workable connections with the land, but the connections can no 
longer be restricted to any one locality. In the concluding chapter we 
shall return to the global view of human society* when we arc better 
prepared to understand the interregional, intercontinental, and inter¬ 
national relationships which the new technology seems to make 
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Water and sunlight are the basic needs of Me, In the dry lands ot 
the earth there is abundant sunlight, but the supply of stater u small. 
Over vast areas life forms can gain a foothold only by persistent struggle 
against drought, or through ability to endure long periods without 
v^ter and to carry on the life processes hurriedly and vigorously during 
those rate periods when water is available. However, in thme spots in 
the dry lands where wnier is pntsent a most amazing exuberance of 

‘“'4^00 coneentnttes his aenvities on tltese wet spots. His problem 
is constantly to maintain or enlarge his supplies of water. Yet for all h.s 
efforts an almost ncgligiWc proportion of the deserts has prov(^l per¬ 
manently habitable. The rich green of the oasis vegetation and 

activity of the numerous inhabitants are m striking cont^t 
leainst a background of barren solitudes. Beyond die sharp hue which 
separates the fand of life from die land of death one enters aiiother 
wLd a strange and unnatural one for those who arc familiar^ ith he 
rrince of growing things where rainfall is adequate. Here 

ueeels <uil> wulesl make h bloom, buu lacking only waicc, i. ha. 

remained a wilderness. 


The Land 

desert climate and Dt:SERT VEGETATION 

The basic fac. conceming the dry lands is that they arc deficient in 
Much more water would evaporate dunng the average year 
ZlTLplicd by the tainfall. 1" most deserts rains come only at in- 

F;»„cn and irtcmilar intervals, many years elapsing between showers, 
frequent an p cloudbursts, tremendously 

heavy tJownp r>Tmii!c bv Hoods, strange as it may seem, 

s, .o ...s. 
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more destruclive because of the lack of well-defined stream channels; 
the sparsity of vegetation^ the hard-packed soilj and the cliaracter of the 
buildings and other human works which arc not made to withstand 
much water. 

Very few parrs of the world arc truly rainless, although portions of 
the Libyan Desert and of the Atacama Desert approadi this condition. 
In all deserts the hills and mountains receive more ram than the Hatter 
lands* Over some of the higher ranges clouds may hang most of the 
rime, supporting a little green pasturage in the cloud zone throughout 
the year, but even here the rule of desert rainfall is irregularity and 
uncertainty. 

Temperatures in the dry lands vary considerably according to the 
latitude. In the poleward portions of the deserts, especially in the 
Northern Hemisphere, the winters are very cold. At lower latitudes, 
however, arc found the highest air temperatures ever recorded at the 
face of the earth. Death Valley, in California, formerly held the record 
with a temperature of 134.1" but not long ago this was exceeded by 
Azizia, located about twenty-five miles south of Tripoli, where the 
temperature reached 136.4*. Temperatures well over lOO^’ occur regu^ 
larly during the summers in all but the poleward areas or in areas close 
to the oceans. Such heat, together with the glaring reflection from the 
bare desert surfaces, aggravated by the clouds of dust which the desert 
winds pick up, makes traveling in the afternoon hours uncomfortable 
or even difficult. 

The desert night, on the other hand, generally brings a rapid drop 
of the temperature. Especially on elevated plateaus the surface of the 
earth cools rapidly under the cle.ir night sky, and great diurnal ranges 
of temperature are the result. In fact, the desert holds the world's record 
for this also: in the Saharan oasis of In-Salah the temperature ranged 
from 26* to 126° within twenty-four hours. 


Desert Vegetation. These climatic conditions arc refiected in the 
landscape by a charactcnstic type of vegetation cover. Contrary to 


■Cflnfvi.ric ihis l«»k given i„ F,h„nhctt and in inrhei. 

TTT I ufccn b. . 

whteh irrovidci ^hjidc but do« nm jhyt out the wind. 
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popular Impression very few parts of the deserts are entirely barren. 
IZh bare places do occur, but they are rare. Even the ^eat sandy 
deserts have a scattering of drought resistant shrubs m the hollows 
tween the dunes, and where water seepage brings moisture near the 
surface the result is a profusion of plants. The typical desert scene in¬ 
cludes a cover of low shrubs and grasses, which, at least after a ram, 

(dves the landscape a distinctly greenish tinge. 

The vegeiauon wllich can exist nnder these estrciK conditions nf 
drought and high evaporation must be especially 
This ft accomplished in various ways. There arc annuals 
the drought by lying dormant dnring the long dry period, spring ng 
into bloom and rapidly completbg the life cycle during dm n™ inter¬ 
vals when water is available. Then there are the percnnutls which 
dure the drougltt, quickly sending forth leaves and SIOTS during the 
periods of rain, but remaining brown and apparently dead as long m 
™ moftnite reaches them. There are also the succulent plan^ such as 

the cacti, which resist the drought by storing water 
and stem, and by protecting themselves from evaporation by thick 
bark by narrow, hairy, or waxy leaves, oc by a complete absence o 
tavJs. Such plauB are protected also from the attacks of tiursty animals 

bv an armaitieni of thorns. 

^ Desert plants usually grow some distance apart, md have » 
able devebpment of the toot system-both laterjly, to catch the m- 
fmquent rains, and vertically, to tap the deep- ymg supply of water. 
4e lack of a complete mat of vegetation ove, tlie surface B one of the 
Ifttinguishing features of die dry Imida Because of dw shun growmg 
« Siose plants which are especially attractive tninjceu. the carriers 
of the fcrtilhdng pollen, have an mlvantage of survival. Hmee moong 
1 tost striking peculiarities of *scrt vcg«a.,on are the brdliant 

Z^w^ie^aTcXtcd in these variems 

Plants w ^nVsurir nVants A scattered cover of xerophytic 

called x^opfiytes, or xcr p y . ■ ^ ^ characteristic natural 

shrubs with tarn ground nf a complete 

m^rX^atlon'ft’rfcatnre which distinguishes the regious of this 
group from those of neighboring groups. ^ 
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JL i'- HtliUll iniig Rlaik JKu 

Me. J. Uffcn vegetailoa tn Death Valley 


Vegmti,^ Rainfall Eifccliycncs.. Thy varioua plant aatociatlon. 
indudcil in the general terio "desert" occur in areas which are deficient 
in raoisturc. But moisture deficiency is not solely a maitcr of low rain- 
fall. Desem cannot be defined as having less than, say, 10 inches of 
ram a year, because there arc a number of things which combine to 
determine the effectiveness of rainfall in terms of pbnis. 

When rain falls on the ground, part of it is evaporated again, part 
runs off over the surface, and pan sinks into the soil. Only the part 
which sinks into the soil can be effective in the support of vegeration 
Tile presence of only scattered xerophytic shrubs, therefore, mav be the 
result of low rainfall, rapid evaporation, rapid drainage, or a combina- 
tion of these. The rate of evaporation is much greater at high tempera¬ 
tures than at lower ones, and it increases also with lower humidity and 
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with higher wind velocities. And there are stiU other elements aflccti^ 
evaporation. The amount o£ water which remains on the s^acc to be 
evarotated after a rain depends on the degree of slope, on the nature of 
the soil, and. f a certain extent, on the nature of the cover of vegctat o^ 

It also depends on the rate at which the ram falls for much morc ^ ater 
is soaked V by the soil in a long-continued drizzle than m one of those 
violent cloudbursts which arc so typical of the deserts. 

Desert vegetation, a visible result of moisture deficiency, is the 

product of all these numerous factors, some f 

the average state of the atmosphere), and some ed<iph(C (resulting from 
IZLr 0 { .h. .oil and .orfacc). In scnoral ,hc M cut ,n« 
„( .ho dent, region, arc the result of elimatte eonjuton., wher«. the 
detail, observed b particular localines are the result of edapluc con- 

^“t"v.- 0 example, fton. the United State, svill make etamr the effect 
of irffLoce. of mmperature ami rainfall in determ,n.ng mo,stum 
effectivencM. Denver, Colorado, is locaied east of the Rocky 
1^00 area once covered by short grass. 1. is ou.s.de the ,^-land repon. 
with a climate which is described as sem,ar,.i rather than “«'• D’-"- 
ver's average annual rainfall is H inches, which comes chiefly 

3 i, ffwrefote less efleaive than if it came wlnm tempera- 

summer anti ts uierciuic i'.s* ITmW 

turcs were lower, Denver's average tempnuurc is aliout 50 , Under 
Ze Lumstonccs the amount of rain neecssa^' to support a con- 

"’"ETpa^sortZ! b located in a part of North America where the 
climate is irid, and w^«e 

with bare grout, ^ ,||^ ^ „ Denver, it comes 

(all is ,ust umler 10 i. .bout 63-. 

tpeLoceto'e. that a. such temperatures more dian 12 inches of 
mirare necessary for ffte supper, of grass vegetation. 

The World Disrribndon of the D^' Le«<^ An esraminarion of the 
maps <Pla.a WO) occupy a ri^rposition 
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20" and 30" boih north and south of the equator. In South America, to 
be sure, the desert extends much farther toward the equator than on 
any other continent, although in Africa, also, it crosses latitude 20^S. 
Allowing for the individual peculiarities of each continent, we can 
nevertheless find a desert on the west coast somewhere between these 
latitudes in all parts of the earth. The deserts also extend inland from 
the west coast, and as we follow them toward the continental inte¬ 
riors we note that they reach farther and farther polcw-ard. In Soma¬ 
liland and in southern South America tive dry lands reach the cast 
coasts, but elsewhere these parts of the continents have no moisture 
tleficicncy. 

There are five great areas of desert in rhe world- These arc listed 
in the following table, together with the regional names of the various 
parts: 

L North Aprica-Asia 

Sahara, including Libya; Somaliland; Arabia; Iran; Thar; Turltcsiad; 

Tarim; Gobi * 

2^ NnRTii Aairhica 

Mexican Plateau, Lower California, Sonora. Calorado Plattao, Nfojavc, 

Gr«i Rittln, Wyoming Basin, Columbia Plateau 

l-SoLTH Amkrica 

Coastal desen of Peru, Atacama^ Wcsicrn Argentina, Piiugonia 

4^S<itTK Africa 

Kalahari, Namib 

5. Austrau V 

Great Sandy Drtert, Great Victoria Desert 

The generni world dlstriburion of deserts is 2 result of the sym¬ 
metrical arrangement of certain basic climatic features on the earth, 
Plate 23 shows that the west crxasts of all the continents arc bathed in 
pan by cold ocean water, and that where the cold currents extend 
farthest toward the equator, as off western South America and western 
South Africa (Peru Current and Bengucla Current), the deserts also 
extend farthest In this direction. The presence of a w ide area of cold 
water off Patagonia (Falkland Current) also corresponds to the east- 
coast slescrt of southern Argentina, The Somaliland desert, however is 
Ixirdered by warm water. * 
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The low rainfall, which i$ a major factor in moisture Jcliciency and 
so in tlie development of deserts, is a result of the failure of moisture- 
bearing air to reach these sections of the continents. The only important 
sources of moisture in the world ate the warm parts of the oceans, 
From cold water there is relatively little evaporation, but ^c air over 
warm water picks up large amounts of moisture. When warm, 
moisture-laden air moves onto the land, the areas it reaches are sup- 
plied with copious rain. The world's deserts extend to the coasts only 
where the water offshore for a long distance is cold, or where the air 
blows parallel to the coast (as in Somaliland), The continental in, 
teriors, especially where they are protected by high ranges of moun¬ 
tains, remain drv because the moisture-bearing air cannot get into 
them. The world’s wind systems which bring moisture to other parts 
of the continents will be discussed in later chapters. 


SURFACE FEATURES AND DRAINAGE 

These great desert areas, however..are by no means uniform in 
character. The concept of a desert as a vast expanse of shifting sand is 
incorrect, for actually only a relatively small proportion of the dry-bnd 
luea is of this sort. A much larger proportion is composed of r^^ky 
plateaus channeled by dry watercourses, or of basins surrounded y 

barren mountains. 

DtMrt Undfonm,.’ To a person used to the brms of hills wd 
villevs in rainy regions the deserts ate strikingly different. In the first 
place, because of the scanty eoiering of vegetation, even the minor 
i'rVgutoilies of form are revealed^special y. Uk in the day when 
the shadoivs make the relief slaml out boldly. One notices, loo, ihe 
orevailine absence of permanent streams, although m some deserts the 
surface U scored by Lmerous dry watercourses. Perhaps the most 
striking peculiarity.' however, is the accumulation of rock waste, the 

■The principle of nuimtotopr and *, mcihel. of cl.wf™» tli™-- a~ 

" 'i "awn. "< 

Appcndl?c Ch 
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flood of debris which masks the base of every hill and cliff and which 
fills the valleys and basins. In the rainy lands, with permanently flow¬ 
ing streams, the waste material 15 gradually carried awayj but in the 
deserts, outside of the immediate valleys of the few streams wldch do 
flow through to the sea, the only agent which can carry off the loosened 
rock waste is the wind. Only die finer particles can be picked up in 
this way. In the rainy lands on the lee sides of the great deserts, accu- 
mulations of fine dust, known as loess, tell something of the extent of 
wmd erosion.- 

Mountain and Bolson' Deserts. From the point of view of the larger 
surface features two chief kinds of deserts may be recognized. The first 
of these is hilly or mountainous; the second is of much lower relief and 
IS comjxiscd of rocky plateaus and sand-filled basins. 

The first desert type, known as the moutitoin and bolson desert, is 
characterized by scattered ranges of barren hills or low mountains 
separated by more or less extensive basins or bolsons. In this kind of 
country most of the rain falls on the highlands. Because of the steep 
slopes and the violent nature of the showers, a very large part of the 
rainfall runs off over the surface, rapidly eroding deep V-shaped ravines 
and gullies. Although the desert rains may be infrequent, and many 
years may elapse between showers, most of the work of sculpturing the 
mountain ranges is accomplished by the violent rains and resulting 
floods. When the flood waters emerge from the mountains and enter 
the bolson, however, their rate of flow Is suddenly checked. Much of 
the load of sand md gravel picked up in the mountains is deposited in 
the form of alluvial fans which spread out in front of each valley mouth 
along the margins of the bolson. During a cloudburst, and for a short 
time after, water may actually cross the alluvial fans and reach the 
center of the bolson, there forming a temporary shallow lake. But the 
rapid evaporation speedily removes the water from such a lake, leaving 
in its bed an accumulation of dazzling white salt. In some of the larger 
bolsons enough water may enter to support a shallow salt lake per¬ 
manently, like Great Salt Lake in Utah; but more commonly the lakes 
in the bolsons are temporary, known technically as ^aya lakes, their 

‘FfDtn the spaniih word hfAfQn, meaning "poctrt." 
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marked mosi of the time by salt accumulations left over from the 
repeated evaporation of water. 

There are. then, three chief divisions of the surface of mountain and 
bolson deserts. There are the raoumain ranges with their steep, rocky 
slopes- there are the alluvial fans smoothing the angles between bor¬ 
dering mountains and bolson bottoms; and, in the lowest part of the 
basin there is the playa, cither a shallow salt lake with fluctuating shores 
or simply a flat salt plain over which at rare intervals the flood waters 
may form a lake. It is the alluvial fans of such regions winch offer the 
best sites for human settlement; for by irrtgaring the fans with water 
from the mountain streams and permitting it to drain off easily to the 
playa, rich oases may be formed. 


Hamada and Erg Deserts. The second type of desert is composed 
of rocky plateaus of relatively slight relief, in some places interspc^d 
wiih mcnsivi. and-fillcJ bi«m. The SJiann rem., adopted u. 
Angiici^d fom, to dt«rit» thcK fcaturcst for the rocky plateau., the 

term/wuWo; for the fflndy areas, die term erg. 

Althoueh the surface of the hamada is eovere.) with a tegohth of 
angubr r«k fragments, this mande is not sery d..ek ™d does not 
ofucute the underlying rock. The character and posumn of the geologic 
formations arc therefore of pcimaty iroportanec m deternralng e 
landfnrms of the hamada. Especially varied arc the forms whKh appear 
in areas of stratified rocks where the sirala are of i-a,,nng degrees of 
refistaoee to weathering and erosion. Tint wmker 
qniekly etteavated. leaving the stronger rocks standing out to hold relief 

Manv hamadas are shaped as broad flaittsh domes. Er«lon y 
streams or wind may suip off the layers of s^tmentary 
higher pans of the dome, leaving a core of masstve crjumihtte rocks 
exLcd in the center. In desert areas many of the cr^ulhne wfa d v 
int^are more easily than sedimentary stmia. so that the roeks m the 
eent« of the structural dome may be worn away to fortn a surface 
A few types of crystalline rocks, howler. esp«.ally recent 
^u. rocks, Z stand ont boldly. Around the ert^lhne center a 
Ses of infaeing vestas correspond to the outcrops of reststant srtata. 
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This is a common geologic struciure no! only in the dry lajnis but also 
in many other parts of the world.' 

There are many other kinds of hamadas, how-ever, besides those 
formed of simple horizontal layers of stratiHed rock or those produceil 
by a broad doming. Some hamadas possibly represent the final product 
in the ernasion of mountain ranges, and the neighboring ergs may be 
the filled bolsons of earlier geologic periods. It is not uncommon to 
find the monotonous surfaces of such hamadas surmounted by a few' 
mountain remnants. Steep-sided pinnacles of crumbling rock rise so 
abruptly from the rocky platforms on which they stand that, viewed 
from a distance, they resemble islands rising from a sea. Because of 
this the Germans have given them the descriptive name fnielbergCy or 
"island mountains,” All stages of transition, from the wcll-dcfinetl 
mountain and bolson desert to the subdued surfaces of the hamada 
and erg type, may be obsersed in the various parts of the world's dry 
lands. 

The dry desert valley, cut, (>crhaps deeply, into the surface of the 
hamada, is a characteristic and striking element of the desert land¬ 
scape. Excavated in the course of long periods of time by the recurring 
hoods, these steep-sided ravines remain most of the time quite dry. 
WJicn rain does fall, torrents fill the ravines from wall to wall; but as 
the waters subside, the load of alluvium which is being swept along by 
the floods is deposited in the channels. The ravine bottoms, therefore, 
are flat and are composed of a fill of coarse sand or gravel. To designate 
these dry desert valleys, the Arabic term wadi has been adopted (they 
are known as arroyos in the western United States), 

Of all the desert surfaces, however, the one which Is most f.imiliar 
to people who have never visitcii the tlry lands is the erg, or sandy 
desert. The ergs arc extensive basins, or depressions, filled with sand 
which the wind forms into great dune ridges. Here we find the stand¬ 
ard desert scene of the "movies,” although actually this kind of surface 
is less extensive than any of the other types. Unlike the bolsons, the 
ergs do not usually have playa lakes, for the water which drains into 
them through the wadis of the neighboring hamadas 1$ rapidly absorbed 
by the porous sands {Fig. 3). 

^See ills iltustracidEii in AppenJik C, «pcda!ly Figs. 325-229. 
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Fit. 3- iandicupi ‘H Sahara 


Wacff in the Deserts- The m.»i imi«.ronr physical conditiem in the 
desert from the point of vie» of life is the ocenrrence of «aier. Knotel- 
eJne of the places where fresh water may be found is of vitaf concern 
to desert dwellers, and habitability is in almost direct proportion to the 
amount of water which can be made avadable These u a ^ly of 
umuttd water in most deserts. |Ust as in humid lands, but the waw 
fable' lies at a much greater depth below the surface. Themfore the 
places where the water table can be reached by ordtnary surface wells 
^rc few ciiiil between b 

In the mountain and bolson desens, even where no permanent sur- 
face stream reaches the bolson from the neighboring ranp water ts 
usually lobe found m the gravel fill of each mountam valley. As soon 
as the water reaches the alluvial fan it sinks deep into the porous mate- 

ipw . -f du "™- 

5CC Append 
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jrial and is JiSculr to reach with wells. The playa is of no value as a 
source of w'ater; for even wJicrc moisture is abundant enough to sup¬ 
port a more or less permanent playa lake, the evaporation renders the 
lake salty. Fresh water is usually not available even on the lower fan 
slopes. The best place to dig a well in such deserts is at the apex of 
an alluvial fan, near the mouth of a mountain ravine. 

Water in the hanaadas is most commonly to be found in the gravel 
fill of the dry valleys. Ordinary wells in the wadi bottoms arc usually 
able to reach a fairly dependable supply, and if floods arc not too fre¬ 
quent an almost continuous string of oases may become established 
along these dry stream-courses. Hamadas which arc crossed by nu¬ 
merous wadis, such as the plateaus lying south of the Atlas Mountains 
in the western Sahara, may support a relatively large population. On 
the other hand, bamadas which are cut by few wadis, such as the 
Libyan hamada, west of the Nile, are among the least habitable por¬ 
tions of the deserts. ^ 

The water supply in an erg depends on the number of wadis drain¬ 
ing into it, Where these are numerous, as on the southern slopes of the 
Allas Mountains in western Sahara, the erg basins act as huge reservoirs 
and the porous sands protect the water from evaporation and so from 
becoming salty. The hollows between the dune ridges are closest to 
the water table, and here a considerable growth of desert shrubs may 
reveal the presence of moisture not far below the surfaced But where 
the erp arc poorly supplied with water, generally because few wadis 
dram into them, the zone of saturation may lie so far below the surface 
that it cannot be reached even in the deepst depressions. Very dry 
areas, whether in ergs or hamadas, in which no forms of life can aaiii 
3 foothold arc known in the Sahara as ta^ezrattfis, ^ 

In addition to the ordinary surface well, there is another important 
method of reaching water in the deserts. This is bv means of an arte¬ 
sian well tapping a deejvlying source of water. Artesian springs may 
«cur naturally, m some cases as the result of a crack, or fissurefin the 
bedrock. Not a few of the oases of the Sahara arc dependent on such 


‘Sec the cbisic dcwripTion of iwft Saharan one oceuDvinir thp Ur,u . l. 

ihe dune ridB» of an erg, the odier oceupiing ihc w-adli of aLnutla !n 
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Fjc. 4. 

4 MCurd source ot water. During the last century many artesian wells 
have been made jrtiAcially. either creating an cjitirdy new wt spot 
in the dentrt ot supplementing the ground water of an earlte, oasts. 
Anesian wells are dependent on the extstenee of a certatn geo- 
w structure and may occur, where tins structure is fwnd, tn ham- 
adas or ergs or esen, in some cases, b mountain and bolson deserts 

AnoL important source of water m the dry lands is provided by 
the soeallcd eaorre streams. The deserts as a whole are cha^termed 
bv a lack of itatKe surface streams rising Wlthm the areas of arid dlmate. 
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There arc numerous cases, however, where streams rise in rainy areas 
dscwherc and nimniain a flow across the dry lands. Such streams may 
^ illustrated by the Nile m Egypt, the Colorado in the western United 
States, the Indus in Pakistan, the Loa in Chile, and many others. These 
exotic nvers havx the peculiar character of decreasing in volume down¬ 
stream and of lacking tributaries. Owing to the progressive loss of 
volume, »hcy constantly dropping a part of their load of mud, slh, 
and ^d. vvhich they are no longer able to carry, so tha, the river is 
split by sand bars into a number of distributaries, or separate channels, 
buch nvers arc said to have braidtd diatmch. On entering a dry-land 
region, rivers tend to spread out in broad areas of shallow Jakes or 
marshes and in some cases fail to continue across the desert, the water 
^ng evajwrated so rapidly that the surface flow cannot be maintained 
A comparison of the Niger, the Shari, and the Nile shows how these 
Streams have spread out on reaching the desert margin. 

Surfact and Damage Faalara in the Dtsaro. That various sjrfate 
and dra,nage faturcs art tltmtnis which give varicly ro the difftreni 
dtsen area,. The aetnal dtsmbutio,, of these basic conditions b shown 
on the accot^nying map, (Piate, <l-20). These map, diow ,ha, the 
Sahara tebia are mostly composed of hamada L erg surface! 

other hand, are of the mountain and bolson type. The Thar Desert of 
India ,s compt^ rf hamada and erg. The vari™, dcserrL inn^^ 
are built on a huge scale. They might well be considered as boUon, of 
eonimemal peopomons, with the Aral Sea or the Lob Nor as p|avis- 
but m additmn to the usual features of bolums, there are extensive a!l' 
of rocky plateau a,^ erg. The Australian desert is enmposed ha.^^; 
3nd erg, whereas the desert of southern Africa is mostlv h^m f -ri 
desert, nf Nnnh and South Ameriea am moni “Zmait amltl 
but with a few roeky plateaus, such as die Colmado Z - ^ I. 

All the desert areas except Australia are crai^A kxT ’ - 

Nnt all of them, however, are like the Nile the N' ' 

Euphrates, or rhe Indus. The Colorado emeo. n 

dee^ trenehed m a e^yon, a, am aiso^Z'^ZreTZ' 
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Although the Amu Darya and the Syr Darya do not flow out to the 
sea, along their courses they are much like exotic streams. 

The Occtipance 

Only a small proportion of the world s population is found in the 
dry-land regions. Although deserts, as defined In this book, occupy 
about 18 per cent of the land surface of the earth, only some eighty-one 
million people, or abour 4 per cent of mankind, live in them. Water and 
sunlight, we have said, are the lasic needs of life: In the hot deserts of 
the world there is an abundance of sunlight, but a lack of water. This 
lack of water imposes a general limitation on the numbers of people 
who can be supported permanently in such regions; and although 
different cultures have from period to period of human history ap¬ 
proached the problems of desert living in different ways, no culture 
has ever overcome the limitation on habitability imposed by scarcity of 
water. In the world's deserts we have a relatively simple relationship 
between man and the land because the basic problems arc related to 
the scarcity of just one element—water. 

Although the regions of Group I as a whole are occupied by only 
a small proportion of mankind, the places where water is available arc 
among the most densely populated spots on earth- The Nile Valley, for 
example, is occupied by more than 1000 people per square mile. At 
the dawn of history the wet spots in the deserts were already populated 
more or less in proportion to the amount of water regularly available. 
The succession of ways of living in the desert as practiced by different 
people has brought great changes in the techniques of using water, and 
many of these changes have resulted in an increase or a decrease in the 
density of population. But, with certain cxccptiotts. the pattern of 

»Thc term oeeup^fn^ it an ebtoku word revived and adopted in gcojrraphy to indiaite 
the process of oeeupving «■ living in an area and the iransfoimatiufts of the arfgirtal land- 
which rtsult. A diidrictiDn is made bct«-een iv«t/wir« and occtifnaioti. OcmpdAoir 
refers spcafically to the CTOnomic activines o( a people, thai is, to their mode of paining a 
living from an ana or in in area. Orwf/wjrrf refers nut only to these ecoiwtoic acdiHTics 
but also to DTher acdvidc* onlv indireetTy or net at all fclalcd to die economic life, lueh jia 
the cgnsiruction of buildings, msdi. ete, Tl^e oceupaiiee produtc* diosc "eiscntial facb" 
ofhntiuncerjgraphvdeKrilKtlhy romBrunhes Crogni/rAy. Chicago, 1920). Tlie 

term ett-itfmitce (occupney) was first suggested by B- S. Platt and D. S. Wbrnlesey 
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population—which bears a simple relation to the pattern of water— 
has remained the same. 

Can the deserts be occupied by larger numbers of people than at 
present.'’ Does the nature of the land forever restrict the habitability 
of these regions as compared with the wetter parts of the earth? It is 
generally true that the number of people dependent on agriculture that 
can be supported in an area is greatest in humid regions and in regions 
which are not too cold. Low rainfall and low temperature in the dry 
lands and in the polar lands create conditions which make widespread 
human settlement diiScult or impossible. But to say that this would 
always and inevitably be true would be to go beyond the limits of our 
knowledge. Theoretically, at least, the way is still open for the kind 
of discovery or invemion which will radically change the habitablhty 
of these regions. 

So far as it is possible to predict, however, changes in the number of 
people that can be supported in the dry lands can only be small. In 
order to appreciate how small, it is necessary to examine the actual 
story of human settlement in certain of the world’s desert regions. We 
need to know about man’s experience in dealing with the problems of 
ticsert living. ■ 

THE WESTERN SAHARA 

Nowhere is the record of man’s experience with the desert longer 
or more varied than in the Sahara. The word itself means "The Great 
Desert.” The popular impression of the Sahara as one vast sea of shifting 
sand is far from the truth, for actually the surface is mostly rocky ham- 
ada, surmounted in a few places by mountain ranges, and with scattered 
depressions occupied by sandy ergs (Plate 13). Something of the com^ 
plexity of the Sahara is apparent on the map (Fig. 5) which shows the 
western part of the desert between the Mediterranean and the Sudan. 

Not all the area shown on this map is desert. In the south the coun¬ 
try around Lake Chad and south of Timbuktu on the Niger is a 
grassy savanna. In the north, similarly, there arc grasslands along the 
Mediterranean and in the Atlas Mountains. The Sahara begins along 
the southern margm of the Atlas and a short distance south of the 
Mediterranean. 
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F«, 5. Thf we stem Sukara 


Tie Earliest Period of Hmnao ScnIcmenL The long record of 
hrnnan settlement in tits aro can te divided into three periods. The 
earliest period, which lasted m the western Sahara until near the end 
of the Roman Empire, was marked by the gradual m.«.on of the 
desert from the south by a Negroid people rom the Sudan. The 
process Itad gone on for some time before the dawn of history, for the 
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arliesE written records describe the wet spots of the desert as densely 
populated. These were the black people whom the Greek and Roman 
geographers interpreted as having been burned by living in lands 
which were too hot for white men. Neither the Greeks nor the Romans 
did much more than touch the northern fringe of the desert. For the 
most part the people who lived in the oases were isolated from the 
outside World j they were farmers, raising millet under irrigation for 
their ow’n local food supply. Considering the tools at their disposal, 
It is evident that they did a remarkable job of lapping the water supply 
and applying it to the thirsty land. 

In the western Sahara the wet spots where these people lived arc 
not very different from the wet spots of today. The oases were mostly 
in wadi bottoms where wells could reach water seeping through the 
gravel. There were oases along the wadis radiating from the central 
part of the Ahaggar (casKcntral part of Fig. 5). Oases were strung 
out along the wadis descending toward the south from the southern 
range of the Atlas Mountains. In-Salah, located near the center of the 
map, was then, as it is now, an important oasis. So also w ere Ghadames 
and Ghat toward the cast, where artesian water rises through a nat¬ 
ural fissure to the surface. But the very dry area known as "The 
Tanezrouft,” lying west of the Ahaggar, was entirely unoccupied. The 
ergs, except for a few spots where water entered them from the bor¬ 
dering hamadas, were abo unpopulated. 

The Moslem Period. The second stage in the human experience with 
the western Sahara began with the invasion and conquest carried out 
by the .Moslem peoples, chiefly the Ikrbers and Arabs, This period 
began when two new things were brought into the Sahara from Arabia 
These were the date palm and the single-humped camel, or dromedary 
The Berbers, a pastoral people living to the west of the Nile alone the 
Mediterranean shore, quickly adopted the date and the camel and, 
pushetJ on by the Arabs behind them, moved rapidly westward and 
then southward. Soon the wave of Moslem conquest brought the whole 
Sahara under control. The conquerors went far beyond: southward 

into central Africa, and northward across the Strait of Gibraltar Into 
Europe. 
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The Berbers and Arabs brought fundamental change to the process 
of living in the Sahara, Because of their great mobility with the camel 
they were able to travel swiftly from one oasis to another. They could 
practice pastoral nomadism on the marginal grasslands to the north and 
south of the Sahara, or on the pastures high in the mountains. But they 
also established thdr ownership of the oases. They were not interested 
in farming, and consequently they left the Negroid oases dwellers to 
tend the crops, returning only at harvest time to collect a share. But 
now the oases were made much more productive by the introduction 
of the date palm. New oases appeared in a few places—for example, in 
the Erg Oriental cast of Touggourt. where the roots of the date palm 
could tap the ground-water supply in the hollows between the dune 
nd-es, places which had previously been uninhabitable. Otherwise the 
pattern remained unchanged, but the number of people who were 
supported in each oasis w‘as considerably increased. 

Another major change was the organization of a caravan trade aerms 
the Sahara. From the Sudan the Moslem traders brought such high- 
value goods to the shores of the Mediterranean as ivory, ostrich fcatliers, 
or Negro slaves. From whatever port of the western Sudan these cara¬ 
vans originated, from Uhe Chad to Timbuktu, they had to cross the 
Ahaggar w-herc oases provided food and shelter. The Berbers who 
lived in the Ahaggar grew rich on tolls levied on each caravan 

The European Period. The third and present jwrioil of human 
settlement started in the nineteenth century when the Europeans ex¬ 
tended their conquest across the Sahara. In the western part of the 
desert the conquest was chiefly French- There was a long period of 
warfare with the desert tribesmen, but in the end came the recent but 
inevitable victorv of the bettcr^quipped Europeans. In other parts of 
the drv lands there are groups of people who remain scmi-inde^ndent 
poliitcallv, but it is doubtful if any desert people ™uld be found today 
whose w^y of living has not been changed, at least in its material aspects, 
by contacts with Occidentals, Even Ibn Saud, ruler of many scattered 
dLert dwellers in Saudi Arabia, finds himself deeply involved ssnth od 
and with international strategy- based on the p^ition of the he calls 
bis own. In the western Sahara the once warlike Ahaggar tnbes have 
been almost wiped out. Only a few hundred remain of a once powerful 
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people who collected tribute on every caravan that crossed the Sahara. 
Those who survive have adjusted their lives to the EuropeanSr-^hey are 
garage mechanics^ hotelkeepers, perhaps chaficurs on the motor-stage 
route from Algiers to Gao on the Niger River. A few still tend herds 
of sheep, goats, and camels in the pastures of the central Ahaggar. 

The Hr St result of the European conquest w'as the destruction of the 
old way of living and, with it, of the individuals who could not adapt 
themscKxs to new things. But thereafter the Europeans built a new 
way of living. Tile date palm, used during the second stage for the 
proiiuction of food for both farmers and herders, has been developed 
as an export crop by the Europeans. With Occidental machines, large 
engineering works have been built to increase and regularize the 
supply of water in the oases. For example, there is now an almost 
continuous ribbon of date palms along the course of the Wadi Saura 
for some 730 miles from file base of the Atlas Mountains to in-Salah. 
Dare culture has been extended, too, along the wadis radiating from 
the Ahaggar, such as the Igharghar, which leads northward, the 
Tamanrasset, which leads westward, the Tafasaser, which leads east¬ 
ward, and the Tcssclaman, which leads southward. These changes 
represent an extension of the wet spots, but no radical change in their 
pattern; they also mean a considerable increase in the density of popu¬ 
lation that can be supported. In addition, the use of well-drilling 
machinery creates entirely new oases by tapping the deep-lying artesian 
water. Whereas the sedentary oasis farmers of the first period were able 
to dig wells as much as 150 feet deep at Ghardaia, for example, in the 
hamada west of Touggourt, the Europeans can bore wells the depths of 
which are measured in thousatids of feet. To be sure, the increased use 
of the underground sources of water has resulted in a decrease of the 
supply, and this decrease now threatens the whole pattern of settlement 
in this region. For a time, however, more area could be irrigated and 
more people could be supported in the desert. The Europeans have also 
-substituted a commercial economy, based on the expert of a surplus 
product and the import of goods from outside the region, for a sub¬ 
sistence economy, in which the people were entirely dependent on 
products of their own locality. Can such a commercial economy 
be maintained permanentlyt* 
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The geographers have a term which thejf use in rtforing to such 
a succession of different ways of living as wc have just described. The 
sequence of different processes of scttlcmeni-Haf different modes of 
occupance—is called sequent ocettpance. 


THE NILE VALLEY 

The eastern Sahara differs in a number of important ways from the 
part we have just discussed. The extensive rocky hatnadas of the 
Libyan Desert (west of the Nile Valley) are not surmounted by any 
ranges of mountains like the central part of the Ahaggar or the Tibesd 
Mountains north of Lake Chad (Plates 13-14 and Fig. 6). Consc^ 
quently there arc no extensive wadi systems such as those in the west. 
The Libyan hamada is a monotonous rock-covered or gravcUovcred sur¬ 
face unbroken by wadis. In only a few spots are there breaks in the 
rocky surface which permit the deep-lying artesian waters to rise to the 
surface and form little natural lakes in the bottoms of small wind¬ 
blown depressions. Such are the oases of Kufra, Dakhla, and Kharga. 
But because of the absence of wadis, the hamadas outside these tiny wet 
spots offer no opportunities for permanent settlement- Libya is also 
one of the driest places on earth. The lack of pasture, as well as the 
small number of wet spots, in this eastern Sahara provided so little 
opportunity for the conquering Berbers and Arabs that this part of the 
d^rt remained very empty. No small part of the security which per¬ 
mitted the early flourishing of civilization m Egypt was due to the 
protection from outside conquest afforded by the very dry Libyan 
Desert on the one hand and the Red Sea on the other. 

Through this desert flows an exotic river, the Nile, the waters of 
which provide the essential basis for the support of the Egyptian people. 
The Nile, rising in the mountains of equatorial Africa and emerging 
from Lake Victoria (Plate 13), and again reinforced by the torrential 
waters of the rivers descending from Ethiopia, has enough volume to 
continue all the way across die desert to the Mednottanean. U^er 
natural conditions (that is, before the building of the Aswan Dam 
and other irrigation works) the river rose and W1 m accordance with 
the floods poured in by the tributaries from Ethiopia. In the summer 
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there are heavy rains which descend in torrents through the iivcr$ 
which drain this mountain country. The Nile, receiving this water, 
begins to rise sharply in May and reaches Bood stage in September. 
During this time of the year about two thirds of tlic water in the Nile 
comes from Ethiopia. 6ut thereafter, each year, the Hoods subside, 
reaching the lowest stage in April and early May. At low-water 
stage about 85 per cent of the volume comes from the main course of 
the Nile. 

For thousands of years the Egyptians irrigated their lands by the 
natural floods of the Nik, The silt-laden water was permitted to enter 
diked fields and settle there, dropping the rich load of silt to form new 
soil. When floods w’crc higher than normal there was plenty to cat; 
when floods were unusually Low there was famine. The Egyptians 
attempted important engineering works to hold back the flood waters 
and increase the flow onto the land, but they were nevertheless subject 
to the changes in productivity brought about by the differences in the 
rainfall in Ethiopia from year to year. This type of irrigation is known 
as basin irrigation. It supported several milUon people in, the irrigable 
area between Aswan at the first cataract and the Mediterranean. Ac¬ 
cording to the census of 1882 (the first modern census), this system 
supported at that date about 7,600,000 people, or about 562 people per 
square mile of irrigable land. 

The European Period, The British control of Egypt resulted in de¬ 
velopments similar to those recorded for the western Sahara. The dis¬ 
tressing effects of adopting Eurcipc.m ways in Egypt are to a certain 
extent typical of similar effects elsewhere throughout the Mmlera world. 
The problem of the relation of people to the land in Egypt lies in the 
background of the political and strategic questions which focus on this 
area today. 

British engineers completed the construction of the great dam at 
Aswan in 1902. This dam held back the flood waters from Ethiopia 
so that irrigation was possible in the valley below Asw'an at any time 
of the year, anti with much greater regularity and certainty than ever 
before. Canals carried the water from the reservoir to the fields on 
either side of the river, and even into the Fayum Basin just west of the 
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Nile. The Egyprian farmers were no longer dependent on basin irri¬ 
gation j they could practice perennial irrigaiioft. 

Blit the British traders wanted a commercial crop. No longer could 
^e Eg^tian farmers grow only the foods and fibers for their own 
immediate use, or for the use of the rulers and wealthy people who 
lived in Cairo and Alexandria. They were paid for the surplus pro- 
diiction of long-staple Egyptian cotton, and with the money thus cameil 
they could purchase imported manufactured goods or foods. TJicrc 
w:a5 a better and more certain food supply, and there was better atten- 
bon to hygiene. As a result of these things, liie Egyptbn population 
began to increase at a rapid rate. In 1910 there were some 10000 OOO 
people in the country; by 19J7 the number had reached 16,000,WO' 
today there are well over 16,000,000. Measured in relation to the ir¬ 
rigable area of some 13,000 square miles, the density of population has 
now-reach^ about 1200 per square mile, one of the greatest densities 
in the world for a people essentially dependent on agriculture. 

There arc a number of reasons why the average Egyptian farmer is 
jworer than he was before the European period began. Because Moslem 
law requires that an estate be divided equally among the heirs after the 
death of the owner, the farms have been divided and subdivided far 
below the limits of economic efficiency. In 1938 some 70 per cent of 
the owners of land had less than an acre each. Meanwhile, however 
foreign capitalists or wealthy Egyptians had gained control of over 
two thirds of all the irrigable land. Only 7 per cent of the landowners 
controlled 6ft per cent of the land. For these large landowners, a money 
crop was more important than a food crop. ^ 

And in addition, the yield of crops per acre was threatened Since 

basin irrigation was no longer practiced, the Nile silt could no'longer 
provide an annual enrichment of the soil. Meanwhile two crops a year 
were s^iousty depleting the soil fertility. It was increasingly n^esUv 
to apply fertilizer: either pigeon excrement, gathered in pigeon towers^ 
which are now a common feamre of the Egyptian landscape, or phos-' 
phate from local sources, or imported nitrate from Chile. All this has 
added to the cost of farming. 

A, tiK high birth rare o( ,hc Egypti«„ co„>i„„„. ,„<) 

as th, high raw of lafani monality is attacked by mcidcrn medical 
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Fjc. 7. The Moslem World (after Botvma/)} and the and boundary {aUrrKofpen) 

services, Egypt faces disaster. Can it be that, after all, the Occidentals 
have failed to form a permanently workable connecuon with the re¬ 
sources of the land, and will the Egyptians have to pay the price in 
poverty and famine ? 


THE MOSLEM WORLD 

The conditions in Egypt and m the western Saham 111 titrate a 
situation which exists throughout the Moslem world (Fig. 7). The 
people of the Moslem faith occupy a large pan of the dry lands of 
Africa and Asia and have spread beyond the dry lands in many places 
Throughout this vast area there arc some 250,000,000 people, most of 
them living in the bordering regions outside of the dry lands, some 
coneentn«ed in irrigated areas, and a few widely petered over ^ r«t 
of the land. Most of these people arc ilUtciate, Jl-fed, lU^lothed, d 
in bad health. They arc ruled by a small group of w^y and power¬ 
ful leaders or by foreigners. Today, more chan ever brfore, Aerr lands 
are coveted by outsiders, and for two reasons: first, along the Persian 
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GuH in Iraq and Saudi Arabia, and in parts of Iran and Turkey, there 
arc vast pools of petroleum only recently brought into production by 
the British, the Dutch, the Americans, and the Russians; and second, 
the central part of the Moslem world is in that highly strategic zone 
where the intcresu of the British and Americans touch those of tile 
Soviet Union, The traditional life line of the British Bmpirc crosses 
the dry-land zone through the Mediterranean, the Suez Canal, and the 
Red Sea. Security from attack along this line is desired by those who 
wish to maintain imintcrruptcd contacts with distant parts of the world. 
Meanwhile the vulnerable part of the Soviet Union extends in a long 
belt from west to cast just north of the Black Sea, The Russians want 
security from attack from the Moslem lands to the south, and in addi¬ 
tion, they have long desired an outlet to the warm waters and tropical 
products of the Mediterranean Sea and the Indian Ocean. 

In the midst of these conflicting interests—both political and eco¬ 
nomic—arc tJic scattered tribesmen of the Moslem world. Some arc 
concentrated along exotic rivers, as along the Tigris-Euphratcs or the 
Indus; some arc in the narrow ribbons or miniature spots along the 
wadis of the Nejd hamada in Arabia; and some arc scattered where 
water is available along the great alluvial fans of the deserts of inner 
Asia. But the Moslem world is not united politically, and even if it 
were, a dry-land base would scarcely provide the resources for a strong 
resistance to pressures from an industrial people. 

THE TURKESTAN 

The desert heart of the great continent of Asia is occupied by scat¬ 
tered groups of people. The tlisiribution of settlement in the Turkestan, 
the dry country east of the Caspian Sea and west of the great mountains 
on the border of China, is illustrated by Fig. 8. This vast depression 
is made up partly of uninhabitable erg and haraada, and partly of 
alluvial fans built where the riv-ers descend from the bordering moim 
tains {Plates 17-18). The Amu Darya and the Syr Darya support 
ribbons of irrigated lands as far as the shores of the Aral Sea^ and lesser 
rivers provide the support for smaller oases. Along the mountain front 
are such famous old trading towns as Bokhara, Samarkand. Tashkent 
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and Kokand. In these places caravans to and from China met those 
from Mediterranean Europe, or others from India or Iran. These pUces 
preserve the ways of ancient times, for the routes W'hich pass through 
them are no longer of such importance as they were before the inven¬ 
tion of Steamships and railroads. Except where oil has been found 
there is little incentive for Occidental peoples to come in large numbers 
to such remote places. 


THE TARIM BASIN 

Another remote desert region of inner Asia is the Tarim Basin, 
which lies to the cast across the mountains from the much lower and 
warmer Turkestan. Here is a vast depression many hundreds of miles 
across, its center occupied by an erg (the great Taklainakan), which is 
uninhabitable and scarcely even explored. )ust as the waters of the 
rivets which flow into Turkestan arc eventually brought together in 
the salty Aral Sea, so those of the Tarim Basin flow into the Lob Nor. 
The Lob Nor U composed of saJt-cncnisted flats, with here and there 
some salty marshes and seldom any open water. But where the rivers 
emerge from the mountains, near the apexes of the alluvial fans, an 
abundant supply of water is available, and here the oases are located. 
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From Kashgar and Yarkand the old caravan routes run eastward either 
along the northern edge of the basin or along the southern edge, pass- 


ing from oasis m oasis. Along 

these routes, which eventually 
reach the populous eastern part 
of China, two-humped camels arc 
still used to carry a small current 
of trade in highly valuable prod¬ 
ucts. People arc permanently set¬ 
tled only at the isolated wet spot^ 
and in this remote region there is 
little likelihood that any serious 
attempt will be made to provide 
irrigation works to increase even 
slightly the productivity of the 
desert (Fig. 9). 


THE ATACAMA 

There arc many other deserts 
of the world. The great Gobi of 
Mongolia, like the Tarim, is cold 
and wind-swept as well as arid, 
There arc hot deserts, such as those 
of Australia, where isolated settle¬ 
ments arc scattered many days 
overlankl journey apart and where 
the few isolated settlers raise sheep 
for a meager living. 

In Northern Chile there is the 
Atacama Desert, important be¬ 
cause of the lesson it offers in the 
permanency of desert settlement. 
This desert (Fig. 10) lies bew'cen 
the Pacific Ocean and the very 
high western cordillera of the 
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Andes on the border of Chile and Butivia. The land rises abruptly 
from the sea to an elevation of more than 3000 feet. But Inland from 
this abrupt rise there is a long structural valley of gentle slopes extend¬ 
ing parallel to the mountain front. Along the west-facing front of the 
Andes very small valleys emerge onto alluvial fans that stretch out 
westward as much as forty miles into the desert. But since the moun¬ 
tains are also dry, only those streams that rise in the snow Helds above 
20,000 feet in altitude carry water all the year round. The others offer 
only enough water to support small oasis communities—some of only 
a few hundred people. The only exotic river is the Rio Loa, which 
emerges from the mountains near Calama, but shortly thereafter enters 
a deep gorge cut through the coast range and into the Boor of the struc¬ 
tural valley (Plates 11-12). 

The Early Period. Human settlement in this region goes back thou¬ 
sands of years before the Itica rulers who lived in the mountains to the 
north established a route of communications through the Atacama to 
Middle Chile. The communications were maintained by runners who 
went from oasis to oasis along the mountain front. Each little oasis was 
built at the very apex of an alluvial fan, sheltered even within the 
mountain valleys. With water supplies very small, the best place to dig 
a well is exactly where the fan begins to emerge from the mouth of 
the valley. Farther out on the fan slope, the water is too far below the 
surface- Only where the rivers carry much water, as In the Turkestan, 
can the oases extend well down the fan slopes, 

The European Period. When the Spaniards came to the Atacama 
the north-south line of communications was abandoned and east-west 
roads were built to the coastal ports. Calama, a relatively large oasis 
supported by the water of the exotic Loa, became an important Spanisli 
settlement. 

During the nineteenth century mo important minerals were found 
in the Atacama. These were copper and nitrate. Big mining establish¬ 
ments were built, railroads were Wilt to connect them with ports along 
the coast, and thousands of w'orkers were brought into the region. In 
such a desert all the fuel, all the building materials, evert all the food 
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Fig. 11. An open pit copper mine at ChuijmciitHittu, Chile 


had lo be brought in from outside to supply the mining camps and the 
ports. In some cases pipe lines, such as the one from Pica to Iquiquc, 
were built into the mountains to bring water to the mines. But in 
many cases water was actually brought in by steamer and distributed 
to the mining towns by tank car. Only such valuable products as cop¬ 
per or nitrate could pay the high cost of such expensive settlement 

Ind then the mines had to curtail their pr<xluction or shut down 
entirdy Copper was too abundant on the world markets, and nitrate 
was being produced from the air by a manufacturing process. Workers 
by the thousands had to leave the Atacama since they could no longer 
be supported there. Today production of both copper and nitrate con¬ 
tinues at a reduced rate; but the rime will come, and m the not distant 
future, when the supplies of these minerals are exhausted, and what 
then? The ports will be abandoned, since there will be no mmmerce 
to pay to keep the aqueducts in order or to import mppljes. Only 
Calama and the ^>or.s that serve it will remain active. But the Indian 
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fnu'rncrj along the western front of the Andes, long forgotten by the 
busy world of Industry and commerce, will continue to occupy their 
little oases. They alone have formed a permanently workable connec¬ 
tion with the land. 


THE ORANGE RIVER 

European settlement in the dry lands is not necessarily temporary, 
although the unregulated exploitation of resources for quick profit, 
which Is an Occidental trait, makes continued settlement impossible in 
many places. In the Orange River region of South Africa ^Fig, 12) 
we have an example of apparently successful settlement by European 
farmers based on hrigation. Much of South Africa is arid or semiarid, 
and the Orange River, like the Nile, rises in a rainy mountain region 
and Hows as a dwindling exotic stream across country which becomes 
drier and drier. 

In the larger sense, most of South Africa is a plateau standing ^OOO 
to 6000 feet above the sea. The watershed between the Atlantic and 
Indian oceans is in a high and mountainous escarpment edge known 
as the Drakensbergen, which overlooks the coastal region around 
Durban. Many short swift rivers run to the Indian Ocean, whereas the 
Orange and its principal tributary, the Vaal, take the westward drain¬ 
age from the Drakensbergen to the Atlantic over a course of 1640 
miles. The eastern tw'o thirds of this distance is through areas that 
receive an annual rainfall of from two to fifteen inches, with tempera¬ 
tures that permit a growing season throughout the year. Here the 
natural vegetation changes tow'ard the west from a semiarid grassland 
to a true desert with only scattered desert succulents and almost no 
grass. Upstream, above the junction of the Orange and the Vaal, rain¬ 
fall is more adequate, and cultivation of the land is possible without 
irrigation or with supplementary irrigation. Even in this humid area 
the rainfall is erratic in seasonal distribution and in amount. The 
Orange River system is unlike the Nile In that its waters come from 
only one catchment area. Thus the irregular rainfall at the source is 
translated into non-periodic occurrences of high and lew water in the 
valley lower down. In the dry'-Iand section, the Orange may be a 
raging torrent at one time and a series of stagnant pools at another, a 
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condition which makes irrigation difficult. Another difficulty is the 
narrow trench-Uke character of the valley. There arc only a few places 
where alluvial land can be reached by canak and feeders and also be 
protected against Boodw'aters. Andj finally, the datns and canals used 
to control the waters arc quickly filled with silt because of the heavy 
burden of sediment carried by the Orange River. 

Because of these difficulties only particular places are suitable for 
irrigation projects. One such area is the middle course of the Orange, 
where the valley is open and broad, with alluvial terraces, and the river 
itself is a braid of several channels enclosing low-lying silt and sand 
islands. Occasional narrows where hard rock structures are intersected 
by the stream provide sites for storage and diversion dams. Only a half 
century ago this middle course, where the rainfall is less than 10 inches 
a year, was occupied almost solely by pastoral Hottentot peoples who 
had been driven to the water by prolonged droughts. They made only 
primitive attempts to divert water to their gardens. The first farming 
project by white men in this desert was undertaken in 1S94 at Upington, 
which is located where the northwest-southeast railroad crosses the 
river. At that place Boers (South Africans of Dutch-Huguenot an¬ 
cestry) settled and dtweloped the laml under the auspices of the Dutch 
Reformed Church. The church and individuals sponsored other small 
but independent irrigation projects until, in 1929 , the federal govern¬ 
ment of the Union built the Buchuberg Dam, .some 100 miles above 
Upington, to act as a reservoir for all the improved land as far as the 
Aughrabics Falls, about 75 miles below Upington. Thus in the short 
span of one generation an oasis has been created where formerly man¬ 
kind had no permanent habit.ition. Today the oasis has a population 
of 35 , 000 , including the town of Upington (6400), which is supported 
by the intensive cultivation of some 70 square miles of irrigated land 
producing raisin grapes (sultanas), alfalfa, wheat, oranges, maize, and 
a little cotton. 

The fight to win the land along this part of the Orange River has 
been successful; the fight to maintain the victory is still under way. 
The Buchuberg dam is silting rapidly, so that eventually other reser¬ 
voirs (such as the Vaaldam, located north of Kimberley, 700 miles 
away) must be used. There is always the danger of extreme drought, 
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and the even greater risk of combined heavy floods on both the Orange 
and the Vaal, which might severely damage any irngadon works 
below the confluence of those rivers. 


THE GREAT BASIN 

There arc deserts also in the United States and Mcxicxi. The charac* 
teristicsof the large area of inlami drainage between the Sierra Nevada 
on the west and the Wasatch Mountains on tlic east are illustrated 
by Plates 9-10 and Fig. 13. This is a portion of the Great Basin 
-a mountain and bolson desert where flat-floored bolsons separate 
irregularly-placed desert ranges. Water from the high Sierra Nevada 
or the Wasatch Mountains is abundant and provides support for large 
oases; but from the desert ranges comes only a small supply of water, 
and here the oases arc small and placed high on the fans. Sufflcient 
water comes from the Sierras to maintain the How of the Humboldt 
River far out across Nevada, even l>eyond the oasis of Elko, Carson 
City and Reno are surrounded by extensive irrigated lands. On the 
eastern side there is an almost continuous fringe of irrigated land on 
the alluvial fans of the Wasatch Mountains. The lmp^)rtant cities arc 
Salt Lake City and Ogden, in Utah. The rivers emerging from the 
Wasatch drain into Great Salt Lake, the fluctuating shores of which 
reflect the varying quantity of water supplied lo it. 

The sequence of sctdemctit in the Great Basin is much simpler than 
that of the Sahara, or even the Atacama. The Indians of this part of 
America were a hunting people. The few who inhabited the Great 
Basin itself sought the wild game of the mountains and formed no 
permanent settlements in the bolsons. The first people of European 
origin to settle in the region were the Mormons^ who, at Salt Lake 
City cstablishetl a fariiiing community in a spot they hoped would 
be si remote that their persecutors would never reach them. In this 
hope they were disappointed, for the discovery of gold in California 
soon brought many travelers plodding westward across deserts and 
difficult mountain passes. The Mormons were caught up m the fabric 
of American settlement in the course of time and made a part of it. 
The isolated oases of the Great Basin were reached by railroads. From 
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a purely subsistence economy, the oasis communities adopted com¬ 
mercial crops which could be exchanged for the much-desired manu¬ 
factured products of the eastern cities. Since these oases are too far 
north to permit such hot-desert specialties as cotton (which can be 
grown at PJiocnix) and dates (which can be grown along the lower 
Colorado), the greater part of the irrigated lands in Utah and Nevada 
are used for growing summer feed crops to be fed to animals during 
the winter, and to such high-value but hardy crops as sugar beets and 
potatoes. 

aCxRiculture and commerce jn the DRV lands 

Looking at all the world’s desert regions, we find certain general 
similarities and certain differences. In every desert there arc the same 
problems of securing water, and there is the same lack of permanence 
w'herc Dccupnce is not closely adjusted to available supplies of water. 
But, on the other hand, every desert region is unique in many of its 
most important aspects. Especially is this true with regard to the sig¬ 
nificance of its location in the world. Some deserts, like those of Iraq 
and Iran, are of great strategic importance in the conflict of modern 
great powers outside the desert; some, like the Tarim Basin, arc so 
remote that the modern currents of life pass them by; some, like the 
Great Basin of the United States, were originally sought because of 
rcmoicfiess, yet inevitably came into the direct line of new settlers. All 
these things must be analyzed Individually for each desert region, and 
all of them alfcet the answer to our question concerning the number 
of people the desert regions can support. 

Agriculture in all the world's oases has certain marked pcculiarides. 
As might be expected in the very small spots in the deserts where life 
is concentrated, all the processes of occupance take on an Intensive 
character. Within the oasU no land can he wasted. Whatever the 
culture may be, an intensive economy is the rule.' The results, how¬ 
ever, justify the expenditure of much effort. Probably few agricultural 

'Tlie economist land, bbor, and capital u the clcmenis of pradnedon in 

(Mif Western culture. Wlicre large atooutits of eapitat or of labor are expended per unit of 
bnd, the ccimainy is wid to be ;>*-nWw; where ibe expenditure of bbor and «piial per 
unit oE la nd is rebiively small, the economy is said to be ixtcmii/e. 
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sites in the world bring greater returns per acre for a given amount of 
labor or capital chan do the Irrigated lands of the deserts. The abun¬ 
dant sunshine; the ability to apply water to the growing crops when 
it is needed and in the desired amounts; the richness of the desert soil, 
especially of the alluvial soils of exotic valleys; the freedom from insect 
pests and weeds which, in rainy lands, come from uncultivated areas 
close by—-these and other elements contribute to the very large crop 
yields of the irrigated lands. 

While a concentration of activities in the oases is the rule in all 
cultures, the entry of the Occidental peoples into the deserts has brought 
one notable change in the agricultural practices. Most of the earlier 
oasis peoples cultivated chiefly fahihlctjct crops; that is, crops which 
are consumed within the region, One of the distinguishing Features of 
the Occidental culture, however, is the widespread development of 
commerce, not only in luxury goods, as formerly, but even in the basic 
necessities of life. The elf eel of this on desert agriculture is to empha¬ 
size the commerciatf or mortey, crops; that is, the products w'hich are 
exported from the region. While in many places the same crops have 
been retained on a greatly expanded basis, in other places an entirely 
new assortment of crops has been introduced. This new regime means 
greater material prosperity for some of the desert dwellers; but it also 
means less economic security, since commercial ventures arc in a very 
important way dependent on events in distant places over which the 
producer has no control. 

The crops which are raiseri in the oases of the w'orUrs deserts do 
not make up a long list, in tlic warmer parts of the dry lands, especially 
in the Sahara and southern Asia, the date is at the present time of chief 
importance, primarily as a subsistence crop but also, in some of the 
oases, as a commercial crop. The date palm is limited to the hoi deserts 
because it is very sensitive to cold. Its requirement of very dry air for 
the ripening and drying of its fruit (both of which processes take place 
on the tree), togctlicr with its need for abundant water, limits this tree 
to the desert oases. The feathery fronds of the date palm, which stands 
"with its head in the sun and its feet in the w'atcr,’* make up a charac- 
tcristic part of the oasis scene. Originally a native, probably, of Arabia, 
and first cultivated on a large scale in the exotic valleys of the Tigris 
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and the Euphrates, this tree is now grown from India across Iran and 
Arabia to the western Sahara. In the otlicr deserts of the world it is 
not 50 coimnoii, altliough its introduction into the Imperial Valley of 
California about twenty years ago, as a purely commercial crop, has 
been successful {Fig- H)- 

Other subsistence crops arc raised along with the date palm m the 
warmer deserts of tJie Old World or form the chief support of the oasis 
dwellers in other lands. Figs, pomegranates, apricots, peaches, and 
grapes are found in certain more or less specialized areas, especially on 
the borders of the Mediterranean lands. Bur the most common and 
widespread crops Include wheat, barky, rice, millet, maize, and beans. 
Small quanritics of cotton, too, should be included in the list of sub- 
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liistcnce crop. In some of tlic cooler deserts alfalfa and other hays arc 
raised during the summer to be fed to domestic animals during the 
winter season^ a typ of economy which will be discussed at greater 
length in a later chapter. 

Many of these same crops may be raised for commerce. DateSj Cor 
instance, arc grown for exprt in some of the more accessible oases. But 
by far the most imprtant commercial crops arc cotton and sugar. Not 
that the deserts protluce more than a very small proportion of the 
world's supply of either of these commodities, but in the oases they are 
the products which furnish the financial returns demanded by the 
economics of the Occidental peoples. In many oases, but not all, the 
long'Staple varieties of cotton are raised. Since these varieties cannot be 
grown so successfully in the rainy lands, dicy command a higher price 
than the much larger quantities of cotton with shorter hber-s. Sugar 
cane is also raised in many oases, although it cannot be grown in the 
colder sections, since it requires a year-round freedom from frost. In 
the United States north of the Colorado River and north of southern 
California, sugar beets have brought the necessary financial support for 
the irrigated tracts, protected, however, by tariff barriers against sugars 
which might be pr^uced more cheaply elsewhere. 

Oasis Towns. The oasis towns of the deserts arc the focal pints 
of a highly concentrated life. The arrival in an oasis town is to the 
desert traveler what the arrival in port is to a sailor. For the desert 
nomad the oasis furnishes not only a place to exchange his products for 
other things that he needs but also a pLice to meet and talk with other 
pople, a place offering many amusements and distractions. From the 
writings of early Persia wc have Omar Khayyam’s vivid pictures of the 
colorful and sophisticated life of the oasis towns, forming the most 
complete contrast with the loneliness of the vast stretches of dcseit, in 
which life is full of difficulties and dangers and yields few distractions. 
"Every oasis is a Babylon In miniature.” 

The buildings of the oasis towns differ in detail of architecture from 
place to place in accordance with the various human cultures, but 
throughout the world's deserts there arc certain general items which 
arc repeated. A very common building material is baked mud brick, 
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held together with straw. In soinc few places where stone is available 
this more substantial material has been used, but wooden houses arc 
very rare. The desert architecture, in places very ornate, seems quite 
out of keeping with tiie prevailing building material. The flat roof, in 
the warmer deserts not uncommonly used for sleeping, is a very svidc* 
spread form. In the oases of the Moslem world the tall minarets of a 
mosque usually rise prominently above the general house-level of the 
town, wherras in the Larin-American deserts the square towers of a 
Roman Catholic church are the dominating structures. 

Ruins. In contrast to the intense life of the present oases are the 
numerous ruins of once thriving settlements now abandoned. Through¬ 
out the world’s deserts such ruins have been found, marking the spots 
where cities once flourished in places now barren and deserted. Some 
students have explained these signs of decline in population by a grad¬ 
ually increasing aridity w'litch forces the abandonment of settlements 
because of decreasing water supply. It Is a welU-stablidled fact that 
during the glacial period, while ice sheets were formed in cooler and 
rainier lands, the present desert areas received more rain than they do 
now. It Is supposed that many of the wadi systems, such as those in 
the western Sahara, are relict forms produced during this period of 
heavier and more frequent rains. The nitrate salts of tlie Atacama arc 
thought to have been deposited in the beds of ancient lakes, now long 
since dried up. The shores of formerly more extensive lakes arc clearly 
visible around the basin of Great Salt Lake in Utah. The body of water 
which occupied this area in the glacial period is known as Lake Bonne- 
ville (Fig. 15). Over long periods of time—much longer than the brief 
span of written history^it is ccriain that the climates of the world 
have varied. However’ to show conclusively from statistical data iJiat 
the climate has changed during historic times is very difficult. There 
are cycles of wetter years and drier years, but progressive desiccation 
has been shown beyond reasonable doubt in very few places. 

On the other hand, the maintenance of a large oasis is dependent 
on a strong political authority which enforces cooperation in the use 
of water and the maintenance of the irrigation works. Weak govern¬ 
ments collapse, and with them go the material works of the people. 
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especially in a land where the price of survival is a high degree of fitness. 
The ruins of the desert, then, may possibly be explained by the decline 
of social organization or by wars and conejuests. However, it is quite 
plausible that a cycle of dry years extended over a long enough period 
of lime might result iji the crumbling of a government, which, in turn, 
would make the contest against the desert no longer pssiblc. 

The Nomadic Mode of Occupance. In arldition to the sedentary 
moilcs of desert occupancc, with the close attachment of people to tlic 
sources of water, the nomadic mode of occupancc is found in some 
drydand regions, Nomadism in the desert, however, Is essentially 
linked with Beet-footexi domestic animals, such as camels and horses. 
No culture has developed a nomadic occupancc of arid lands without 
these animals. Because no domestic animals of thU sort were included 
in the native cultures of North and South America before the coming 
of the Europeans, nomadism was not found in the dry lands of the 
Western Hemisphere. The same is true of Australia and South Africa, 
Even in the Sahara the Arabs and Berbers did not adopt the nomadic 
life until the introduction of the dromedary, or singlc>huinped camel, 
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during the eleventh century after Christ. Before that time Negroid 
oasis dwellers raised their subsistence crops of grains in blissful isola¬ 
tion- The Sntroiiuction of the camel and the date palm at about the 
same time inaugurated a new period in the s«iuent occupancc of the 
Sahara, which was terminated otily by the European conquest eight 
ceitturics later. 

Nomadism achieves its freest development on the grassy steppes 
bordering the dry lands—regions which will be descnlied m a later 
chapter (Group V), Here is found relatively abundant pasturage for 
the flocks and herds of domestic animals. Those nomads who remajn 
in the dry-land regions arc to a certain exteitt tied to the oases. While 
diey may a part of the time wandering in search of pasturage for 

their animals, they must return to an oasis every now and then as a 
ship must put in to port. The exchange of animal products (leather, 
wool meat, or milk) for the agricultural products of the oases, espe¬ 
cially dates, is a characteristic feature of the desert economy. 

The latest period in the sequent occupance of the deserts is not aid¬ 
ing the nomadic life. The Europeans have eliminated the caravan trade 
and have flooded the oasis markets witlv European-made goods. The 
nomad finds his mode of existence no longer possible. He is forcetl to 
adjust himself to radically diflereivi ways of hvmg or to perwh. 
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Thtrc is no one phy«cal factor which limits stttlcmcnt m the ttopt- 

cal forest remonsasscatcityof water does in the dry lands The problem 

of making a firing b the tleserts is basically a <iuestion of "'“"’“'''‘"8 
or mercasing the supply of water. But in the tropica! 
phyaeal conditions which affect human settlement '? = 

Wr elttent on the attitudes, obiectives, and technical abilities of the 

pe^lc themselves. For simple hoe cultivators. “ ““ 

Siini- for Oriental rice farmers the connections diat arc built isith the 
resomcL of the land are quite different. European, and Americans, 
moreover, have to ovxtcome a strong prejudice against these regions 
X^L’from the writers of antiquity, b“ 

the attitudes of Oecklental people toward settlement 

'’*Tht"regions of Group II differ from one another with respje, to 
the d»s tv and patten, of population. The great area of tropical forest 
Amazon Basin is one of dte world-, larges, areas of v«y ^amy 
s«Ltt. In conirast, lava is one of the more densely populated part 

:,“.he world,and smaller areasofverydense—^^^^ 

in parts of the American tropics and in parts of India- The y 

pop^nlatcd areas have so many people m them that the regions o 
CrLp II as a wJiolc. svblch include about 15 per cent of the world 
Ld Lea arc occupied by some 28 per cent of the world s papulation. 


The Land 

VEGETATION AND CLIMATE 

The regions of Group U are identified by the presence of for^«t 
vcgciatJon m which the spe ^ 
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other extreme, where the climate is subhuniid, near the dry margin of 
forest growth, the characteristic cover is a tropical scrub forest mixesd 
with open grasslands. In between, where the climate is humid, is found 
(he tropical semideciduotts forest. 

The Tropical Rain Forest- The tropical rain forest, or selva^ is the 
world’s most vigorous vegetation growth. Unlike most of the forests 
which are familiar to mid-latitude people, the selva is composed of an 
extraordinary variety of species- In one square mile of the island of 
Trinidad, where a special study of the forest composition was made, 
nearly three thousand distinct species of trees and plants were Iden¬ 
tified- It is not unusual to find as many as eighty to a hundred different 
kinds of trees on a single acre. For the botanist such conditions offer a 
fascinating and almost inexhaustible field of study; but for the person 
who wishes to make commercial use of any one kind of tree, this pro 
fuse variety Is a major handicap, for the individual trees of any one 
Species are usually widely scattered throughout the forest* 

The tropical rain forest is an impressive sight for persons brought 
up in other parts of the world. The monotonous variety of vegetation 
forms defies detailed description. Within the selva one feels shut in, 
as in the crypt of a cathedral, for little light is able to reach the forest 
floor. The individual trees are rail and straight-stemmed, with only a 
plume of brandies and foliage at the top. From the ground one secs 
only the massive perpendicular trunks which support the thick canopy 
of leaves overlicad where the branches arc interlaced in the relentless 
struggle for sunlight and life. In the gloom below there is little color 
and little underbrush; but the space between the tree trunks Is laced 
with a network of lianas, some as fine as hairs and others like great 
knotted ropes. 

The remarkable rapidity of vegetation growth is best revealed w'hen 
a clearing is made. Perhaps the clearing is an abandoned garden plot; 
perhaps it is the result of the fall of some giant tree which has crushed 
in its descent all the lesser trees within reach. Through the hole in the 
leafy covering the sunlight is able to reach the ground. In a very brief 
time an impenetrable tangle of plants fills the opening. There is a 
period of fierce struggle to grow upward to the light, which is ended 

72 


THE IROPICAL FOREST LANCS 

only when another forest giant has replaced the fallen one, and the 
fabric of the foliage is whole once more. See Fig. 16- 

The rhythm of life in the selva is confused. Each individual plant 
eocs through the life processes, producing leaves, flowers, fruits, and 
icds in its own period- At all times of the year there are indmdua 
trees losing their leaves, or budding new leaves and flowers, or covered 
with ripened fruit, which, for a short time, attracts a mulniudc of 
birds. The forest is evergreen.' 


The Tropical Semideciduous Forest, Such a vegetation growth as 
the selva can be supprted only by excessive amounts of moisture: 
where the moisture supply is less abutidant, or wlicre a dry season im¬ 
poses at least a partial rhythm, a lighter forest which is semideciduous 
in character is the result. 

The semideciduous forest is cluracierlred by a more open stand of 
trees than tlie selva. Instead of being shut out by an almost unbroken 
canopv of foliage, as in the selva, here the sunlight penetrates to the 
ground and supports a dense undergrowth, or jungU Between the 
rather widely spaced larger trees there is a tangle of smaller plants 
woven together with vines and creeper^ with here and there a thicket 
of bamboo. Passage through a virgin stand of this forest may actually 
be more difficult than througli a selva on account of the t^glc of 
undergrowtli; but because the trees themselves arc smaller and spaced 
larlhcr tl.e clearing of the semideeiduou, forea .. n much eone, 

lask Ihan the removal ol iKc ram forcsl. 

Another great tliflerence between tht, anti the tain lotea la the 
exittenee of a ntamnal rhythm. The dry Kamil, which n more pr<^ 
aoaneed in tl.«e regions nf lighter foresr, impoKS a period of ran <m 
die vegetarion. just as die winter Kaiam imposes a smiilar person the 
forests of the middle latitudes. Many, although not all, of the trees 

during any sw i,^ej;ate1v replac^«iih a ip'out- A foresl eiKnjKised KMHilj 

JmMtwpw ”ad patty of dwijaw. ^ h J-wibed o,. wntMwUooo. 
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lose their leaves, and the landscape takes on a brownish or grayUb 
tinge. The beginning of the rainy season brmgs back the dark green 
of vigorous and thriving vegetation. Throughout the forest the sprout¬ 
ing of new leaves, the budding, the flowering, and the ripening of 
fruit arc synchronized. 

The Wet Margin. Where both the tropical rain forest and the tropi¬ 
cal semidcciduous forest border the ocean along low, shelving coasts, 
tlicre has developed a peculiar vegetation type which lias a number of 
unique characteristics. This is the mangrove forest—not distinguished 
from the other kinds of tropical forest on the plates because it occurs 
only in a fringe along the coast which is usually too narrow' to show 
on the maps. The roan grove consists of only one kind of tree of the 
■^enus Rhizophara. On the shores of tidal swamps where the water is 
brackish there is a dense tangle of evergreen trees which grow some 
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15 or 20 feet in height^ with ipreading bushy branches and numerous 
aerial roots. The bark is reddish in color and useful as an astringent; 
the leaves are oblong and glossy; the pale yellow flowers and conical 
bcrrvlike fruit appear at all limes of the year with no seasonal rhythm 
New trees develop from seeds which germinate in the air and which 
arc attached to tlie root system of the parent trees. The result is a 
tangle of bushy forest which is all but impenetrable. The mangrove 
fringe actually makes long stretches of most tropical coasts unap¬ 
proachable; many established ports owe their location to natural breaks 
in rhe mangrove large enough to permit the entrance of ship and the 
construction of roads to the higher country behind the coast. 


The Tropical Scrub Forest. Rainfall effectiveness in the tropical 
lands is relatively low. for the high temperatures result m a very rapid 
evaporation. Even with fairly high annual rainfalls there arc many 
parts of the tropical forest lands which support only a scrub forest. In 
some places the low trees are protected by thorns-a vegetation ty^ 
known as the thorn forest (or eaathtga, to use the Brazilian term). The 
trees arc small in diameter and spaced far enough apart so that the 
ground is little shaded. The forest floor is usually pss-covered giving 
the landscape the appearance of a poorly kept orchard. All such semb 
forests have a definite seasonal rhythm in harmony with the rams. 
During the growing season the trees arc a mass of foliage and flowers 
of brilliant coloring, but during the dry season the leaves fall to the 

ground and the branches arc bare. ^ 

The scrub forest does not have so great a variety of speaes as cither 
the selva or the semideciduous forest. The kinds of trees which com¬ 
pose' It arc remarkably similar in the different continents. In both 
Africa and South America, for Instance, the trees belong to the family 
M^mosa^coe; in Africa they are of the genus Acada; and m South 
America, of the genus M.nsoso, It would be difficult for a person not 
trained in botany to distinguish between the African scrub forests and 

those of South America. 


The Dry Margin of tha Trapkal For»ts. The .Iry margin of iho 
mplcal forra.. i> nor a sharp one. Ererpring where man haa mter- 
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vcncd, there is usually a wide zone of mixed forest and grassland or 
savanna. The tropical scrub forest, in fact, is a vegetation type which 
is generally found in places of lower rainfall effectiveness than are the 
tall grass savannas. Patches of scrub forest in some places actually 
border the regions of Group I where bare ground distinguishes the dry 
lands from bortlering regions. This occurrence of scrub forests on the 
drvdand border may be seen in India, in the Chaco of northern Argen¬ 
tina, along the Gulf coast of Mexico just south of ihc Rio Grande^ and 
in other smaller areas (Plates 10, 12, and 18). 

On the dry side of the forest regions it is not uncommon to find 
scrub forests and savannas intermingled. From a forest with grassy 
openings or with grass on the forest floor, one passes by degrees to a 
grassland covered wdth scattered trees or interrupted here and there by 
thickets. In almost all the world s savannas the floodplains of the rivers 
arc followed by ribbons of tall scroitleciduous forest. Such river-bank 
forests arc known as ga!erias (from the Italian word for tunnel) be¬ 
cause the smaller streams, at least, may flow’ under a complete arch of 
foliage. Asa result of such a mixture of forest and grassland, the actual 
mapping of these two kinds of country is in many cases very difHculi, 
for it becomes a matter of .separating two landscape.*: W'hich, where 
they meet, are very much alike. A few more trees per acre and the 
country is m 3 pj>cd as a senib forest; a slightly greater spacing of the 
trees, and the country is mapped as a savanna. 

Human Population. To judge by the present distribution of people 
in the tropical forest lands, there is a marked preference for the regions 
of moderate humidity covcrctl by the scmideckluous forests. The 
tropical rain forests, with some important exceptions, are thinly popu 
latcd. The exceptions arc mostly in the Asiatic low latitudes where a 
rice-growing people have established themselves with great density on 
the floodplains of the rivers, and on the terraced lower slopes of hills or 
mountains where rainfall is heavy. The scrub forests and savannas 
seem to offer the poorest conditions for settlement, for only in a few 
places have these subhumid regions been occupied by farmers. Irriga¬ 
tion must usually be practiced; yet in these regions, where there is 
commonly a season of heavy rains, provision must also be made for 
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drainage. Most of ihe areas of major sertlemcni in the regions of Group 
II arci In the semideciduous forests. 


Native Animals of the Tropical Forests, The native wild animals of 
the tropical forests differ considerably on the different continents. In 
the South American forests ilierc is a notable paucity of large ground 
animals, although there are many different kinds of birds, monkeys, 
and snakes which inhabit the dense foliage far above ^e ground. Un¬ 
derneath, in the deep shadows, close observation reveals a multitude ot 
insects, such as ants and spiders. The termites, or while ants, arc par¬ 
ticularly destructive of any organic matter which chances to fall on t e 
ground. Whole villages have been abandoned in the face of an invasion 


These various kinds of animals are also represented m the tropical 
forests of the other continents, but in these other regions they are a pm 
of a larger and more abundant fauna, Africa. espcCLiUy, .s f^ous for 
its animal population. While most of the African animals really belong 
to the savannas, they penetrate ihe relatively small areas of forest m 
central Africa and so must be included in a discussion of Group IL A 
great manv different kinds of herbivora feed on the savanna ^ses 
during the rainy season or cluster about the water holes during the dry 
season This fauna inclutles such fleet-footed types as the ante ope, the 
zebra 'and the giraffe. In die Congo Basin are found the elephant, the 
okapi the buffalo, and the wart hog, and, in the nvers. the hippc^ 
potamus and the crocodile. The actual distribution of some of these 
Limals is related to the particular types of vegetation which furnish 
them food. In southern Africa, for instance, the giraffes are found on y 
in areas where the acacia trees grow. Most of these pbnt-eatmg animals 
are preyed upon bv carnivora, and the distribution of die latter usually 
agrees closely with die distnbution of the species they pursue. The 
lions, for example, in parts of Africa arc largely confined to regions 
inhabitcil by the gazelles.' In the semUkeiduous forests southeastern 
Asia the fauna includes the elephant, die buffalo, and the tiger (Fig. 17). 

The insect life of the tropical forests on all the continents is abun¬ 
dant, especially In the transitional areas between the forests and the 
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gia^^lands. Becauiic many of the injects arc carriers of disease they 
form a serious rdistacle to human occupancc or to the introduction 
of domestic animals not immune to these diseases. The mosquito 
is the most common and dangerous; but there are many others, such 
as tlic famous tsetse fly of Africa, which carries the dreaded sleeping 
sickness* 

Weather and Climate in the Tropical Forests. One of the parts of 
the world where weather and climate come dose to meaning the same 
thing is in the wetter parts of the tropical forest regions. As these terras 
are properly defined, weather is the state of the atmosphere at any given 
time, whereas climate is the average of weather at a particular place 
and for a particular period* But in the tropical rain forest, at least, the 
day-to-day and raonth-io-monih weather is $o remarkably uniform that 
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the two words seem to have almost the same meaning. The weather is 
so similar from day to day that the common small talk of mid-latitude 
peoples is difficult to car^ on, and appointments are made in terms of 
the showers and alternating periods of sunshine. 

These regions are characterked by monotonously high temperatures. 
The common belief that the equatorial regions are unbearably hot is 
quite incorrect. The highest temperatures in the world have been 
obsers'cd, as we have seen, in the deserts. Temperatures m summer m 
the lower middle latitudes (in the Mississippi Valley, or the Ganges 
Valley or the Argentine Chaco) arc much higher than any which arc 
ever experienced in the low latitudes near the equator. Bel^m, near the 
mouth of the Amazon, for example, rarely, if ever, has a temperature 
over 100°. The highest ttrmperaturt^ recorded ot a place farther up the 
Amazon was 963*. Yet between the average of the coldest and warmest 
months there is a range of only about i . It often has been said that 
"night is the winter of the tropics," for the diurnal range is actual y 
greater than the annual range. At Belem ibe temperatures at mgbt 
drop some 15* below those of the hottest part of the day. In such a 
climate the termsand are misleading, for there is really 

nothing which corresponds to our middatitude concept of winter. The 
averagf annual temperatures are between 7(J* and SK) -few are higher 
than that Only rarely are very high temperatures experienced, and 
rarely do the temperatures drop below 60 . At Belem the average 
highest and lowest temperatures of the year are 913 and 68.0 

The hit equator is the line connecring the places of the world which 
have the highest average annual temperatures.^ It pa^s along the 
northern coast of South America and along the Guinea Coast of Africa 
-lying some five to ten degrees north of tire geographic equator m 
thii continenrs. It runs south of the geographic equator only m 

northern Australia. _ . 

Ttroptranircs such as alc recorded rn the rainy trope, TOold 
qmie comfortaWe ssere it not tor the rains and the bumaJtty. in the 
topical rain forest, the humidity is espeeially high. Even though the 
year in aU but a few parts of the tropics is divided mto a rainy season 
and a dry season (instead of summer and wmier), the dry 
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the selva is actually only a season of less rain. On a characteristic day 
the sun rises in a clear sky. Fog is somcdmcs hanging in the low 
valleys, but this speedily rises in curling wisps of vapor as the land b 
heated by the sun’s rays. Soon puffy cumulus clouds appear, before long 
covering a large part of the sky. A light shower may occur, often as 
early as eight or nine o'clock in the morning. This is followed by a 
period of brilliant sunshine and then by another shower. Showers and 
sunshine alternate in this way throughout the day, the former becom¬ 
ing more severe and of longer duration as the day progresses. About 
four in the afternoon a very heavy shower occurs—a deluge of rain 
accompanied by little wind. The storm, at first torrential, later settles 
down to a steady rain which continues into the evening. It is a charac¬ 
teristic remembrance of the rainy tropics: the beat of rain on an iron 
roof, the monotonous splash as the w'atcr runs off onto the ground, and 
the sticky wetness that penetrates everything and leaves one soaked with 
perspiration. Well into the night the rain gradually ceases and is suc¬ 
ceeded by a deep silence, relieved only by the dripping of water from 
the soaking foliage and by the bum of the dreaded mosquito. Without 
the coiling winds of an exposed coast the uopical rainy lands may 
become quite uncomfortable. 

Rut there are many parts of the tropical forest lands where the 
climate is not at all like this. Especially on the east coasts of the con¬ 
tinents and islands, strong easterly winds increase the evaporation and 
in part compensate for high humidity. Where the graceful coconut 
palms toss their heads in the steady, strong breeze from the water and 
where the buildings arc open to the moving air, life can be untroubled 
by the stimulating effect of variable weather such as is experienced in 
the middle latitudes. Here, in a veritable paradise, men may relax if 
they know how to ilo so. 

The paradise b a dangerous one, however. It is a fact that where 
the human b<Kiy is not subject to (he necessity for making adjustments 
to frequent changes In temperature and humidity, it eventually loses 
the capacity for such adjustment. The '’chills” which arc described as 
dangerous for health in almost all handbooks on tropical living can 
result from a drop of only a few degrees in temperature. Long resi- 
tlcnce in the extremely monotonous climates of parts of the low lati- 
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tudcs can, apparently, produce bad physiological effects on the human 
system. It is the monotony, rather than the high temperature, which 
is had; and it is just as bad for the people of one race as for those of 
anotlicrp 

Wartime studies of the effect of high tettiperaturc and high humidity 
on the human system have demonstrated that there are certain maxi- 

mum combinations of heat and humidity beyond which the human 
body cannot survive. Heatstroke and death can result where the ah 
is saturated with moisture and where the temperature reaches 85'. 
Where the air contains 70 per cent of all the moisture it can carry (in 
other words, where the relative humidity is 70 per cent) the danger 
point is reached when the temperature is 95'. These combinations of 
heat and humidity are actually experienced occasionally in nature, but no 
place on earth has average conditions of this sort. The fact is, too, that 
the places where high heat and high humidity occur together most 
often arc generally not in tlie rainy tropics. The part of the world in 
which human life is most difficult in terms of these weather elements 
is along the shores of the Red Sea, m a region which receives very 
scanty rainfalL 

Distribution of the Tropical Forest Lands. The genera! arrangement 
of the tropical forest lands in the world can be described quite simply- 
They occupy a belt somewhat less than 20" wide on cither side of the 
equator and extend poleward along the eastern sides of the continents 
to the margins of the low latitudes, Even more than m the ease of the 
dry lands, this general position is modified in detail on each of the 
continents. As a result of the disposition of the land masses, however, 
there arc three chief areas of occurrence: in the Americas, in Africa, 

and in Asia-Australia. ,, . , , » - 

The largest single area of selva in the world is in the Amazon Basm 
ami pans of the Guianas (Plate 12). The westward extension of this 
forest is limited by the-Andes, and only a narrow fnngc of selva is 
found along the Pacific Ocean in Ecuador and Colombia. On the cast 
coast of South America the selva is found as far south as latitude 
25' S.; and a scmideciduous forest extends somewhat farther south in 
the Parana Valley of eastern Paraguay. Most of the eastern maipn 
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of the Brazilian Highlands has a semideeiJuous forest. In the north¬ 
eastern part of Brazih however, both the selva and the semidecidiious 
forests arc interrupted by a tropical scrub forest—a caadnga; and be- 
tween the scrub forest and the Amazon selva there is a narrow belt of 
savanna. A considerable area of scrub forest also occupies the Gran 
Chaco, in the upper Parani Valley. North of the equator tivc tropical 
forests arc found throughout the West Indies as far north as southern 
Florida, and they occupy the lowlands on the eastern side of Central 
America and Mexico almost as far north as the mouth of the Rio 
Grande, and on the western si<!c to about 20* N, 

In Africa selvas and scmidcciduous forests occupy parts of the Congo 
Basin and parts of the south-facing Guinea Coast. The Congo forests, 
in part because of the higher altituile of this region, arc probably not 
so luxuriant as the analogous forests of South America. In southern 
Africa, separated from the Congo forest by a belt of savanna, there is a 
large area of scrub forest. TJic cast coast «f Africa has only a narrow 
fringe of tropical forest. 

Selvas and semideciduous forests occupy the lowland areas of the 
East Indies and many of the small scattered islands of the southern 
Pacific. Scrub forests and semideciduous forests fringe northern and 
northeasteni Australia. Semideciduous forests are extensive on the 
eastern coast of Indo-Cliina and in the great river valleys of south- 
eastern Asia—the Mekong, the Mcnam, the Salween, the Irrawaddy, 
and the delta of the Gangcs-Brahmapuim. The lowlands of Ceylon 
and the Malabar Coast of India are occupied by selvas. The Deccan 
Plaic.iu and most of the Ganges and upper Indu.s valleys arc cov¬ 
ered by scrub forest, which In the northwest extends beyond latitude 
30" n’ 

Winds and Rainfall of the Low Latitudes. This distribution of the 
various types of tropical forests is related to the basic facts of rainfall 
effectiveness. As we have seen in the previous discussion of the world’s 
dry lands, it is important to know not only the total amount of rain¬ 
fall each year, but also the balance of other factors that tlctcrmiijc how 
much of the rainfall Is effective. Where temperatures are always high, 
evaporation is rapid. As a result, a low- eilectivc rainfall is revealed in 
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the natural cover of vegetation at places where the average annual rain¬ 
fall is still high—high, that is, as measured by middle-latitude expe¬ 
rience. In the central part of the United States, for example, average 
annual rainfall between 30 and « inches can be considered as mod- 
erate—certainly adetjuate for unirrigated crops or for a continuous 
forest cover But in the low latitudes, where temperatures throughout 
the year are high, an annual rainfall below ■«> inches, even if well 
distributed through the year, can support only a scrub forest or a poor 


semkicdtluous forest, 

The occurrence of generally heavy rainfall on low-latitude cast 
coasts is related to the world's wind systems and the world's ocean 
currents. Looking at the globe as a whole, we can see that there arc 
five great whirls of airr two in the Northern Hemisphere and three in 
the ^uthern Hemisphere (Plates 26a and 26b). Those In the north 
circulate in a clockwise direction; those in the south circulate in a 
counterclockwise direction. In each case the whirl of air is centered 
at about latitude 30' N. and S., and over the eastern part of the ocean 
basin. The whirl is so large that it covers almost all the oceans and a 
considerable part of the continental margins. Thew components of 
the general circulation of the atmosphere are called the 
The physical reasons which determine their position and strength are 

presented in Appendix B, sections 20 and 21. 

In the low latitudes, over the oceans, the winds arc moving generally 
from east to west-frorn the ttortheast in the Northern Hemisphere 
and from the southeast in the Southern Hemisphere. These low-latitude 
winds are known as the As the oceanic whirls approach 

the eastern margins of the continents in higher low btitudes, the air 
follows a curving path to the right in the Northern Hemisphere and 
to the left in the Southern Hemisphere. Along the cejuator, where the 
two whirls converge, there is between them a belt of shifting winds 

and calms which is known as the doUmm Ml. . 

The ocean currents move in harmony with the prevailing winds. 
In the Northern Hemisphere ocean basins the water circulates gem 
crallv in a clockwise direction, and in the Southern Hemisphere ocean 
basins it circulates in a counterclockwise direetton. Where the two 
currents converge near the equator there is an equatorial countercurrent 
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which moves back from west to east.' These ocean currents are shown 
on Plate 23) which aJso distinguishes warm and coid water, From 
this map it can be seen that the condnental cast coasts are bathed by 
warm water, and, similarly, the west coasts for some ten degrees on 
either side of the equator are warm. But the continental west coasts 
bctw'ccn about 15° and 35° N. and S. arc bathed by cold water. 

Rain is produced only where air which has picked up a large amount 
of water vapor is forced to rise and cool. The major source of water 
vapor is warm ocean water, for here evaporation from the water surface 
is rapid—very much more so than over cold water. Air is forced to 
rise when air masses converge, as in tire doldrum belt along the equator, 
on the margins of continents where the wind is onshore, or on the 
windward slopes of mountains. For this reason the eastern coasts of 
low'-latitudc continents where air is moving strongly onshore from 
across warm ocean water arc especially rainy (Plate 7). 

The Monsoons. There are other places where the combination of 
wind direction and ocean current produces heavy rain. As is explained 
in Appendix B, the basic cause of horiscontal air movement is difference 
in temperature. Air moves from relatively cool places to relatively warm 
places, and, e.xccpt close to the equator, is deflected from a straight 
course by the earth’s rotation—to the right in the Northern Hemisphere 
and to tlic left in the Southern Hemisphere. Where large land masses 
are so arr.ingtti that there is a stretch of coast facing toward the equator 
within the low latitudes, the land (most of w'hich, under these cir¬ 
cumstances, lies in the middle latitudes) becomes much hotter than 
the W'ater in summer and much colder than the water in winter- The 
result is a seasonal shift in wind direction: from the cooler water to 
the warmer land in summer, and from the cooler land to the warmer 
W'ater in winter. Winds which blow steadily for six months in one di¬ 
rection and for the other six niontlis in the opposite direction arc known 
as monsoons. They arc developed strongly on all the equator ward¬ 
facing coasts in the low' latitudes: notably along the coast of southern 

’It i* eu&tumary to aamc a witwl by the direction fnooi which it cotoej, but to Jiaitti; an 
furrcsnl by the direttian totAard whkh ii Thus an an wind U ore whkh 

movw fmm «iii t& wati and ad eaiicrty rfccari curreni is anc which moves from 

to D\l. 
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Asia and northern Australia, the Guinea Coast of Africa, and the Gdf 
coast of the United States; and to a lesser or partial extent along the 
Pacific coast of Central America, and the Atlantic coast of South 
America from the etjuator to Cape Sao Rocjuc in Brazil- 

In regions dominated by the monsoons there are heavy rains when 
tiic winds are onshore, and very little rain when the wind is offshore. 
But in many places the rains of the rainy season arc so heavy that □ 
forest vegetatioti-usually a semideciduous forcst-<an survive the dry 
season. Throughout the low latitudes between southern Asia and 
northern Australia the prevailing winds shift seasonally, bringing 
strongly marked rainy and dry seasons which depend on the orienta¬ 
tion of the land with reference to the scasoital winds (compare Plate 7 
and Plates 25, 26, and 27). Thus northwestern Java gets its heaviest 
rain when the vsnnds arc moving out of Asia and toward Australia, 
in the Southern Hemisphere summer; and southern Java gets its maxi¬ 
mum rain at the opposite time of the year, in the Northern Hemisphere 

The two weather stations in the world which bid for the distinction 
of receiving the highest average annual rainfall are both located on 
windward mountain slopes where strong onshore winds come heavily 
laden with moisture picked up from warm water. The present higli 
record is held by a station on the northeastern slopes of the mountainous 
island of Kauai, the northernmost of the Hawaiian group, where an 
average of 476 inches a ycat is reported, fairly evenly distributed 
throughout the vear. The second rainiest place on earth is Cherrapun ji, 
located in the hills of Assam, a little north of Calcutta, where an 
average of 457 inches a vear is reported. This place, however, receives 
most of its rain during the onshore monsoon of summer. July averages 
109 inches of rain; but December averages only 0.2 inch (sec the climatic 
tlata for selected stations in Appendix E). 


SURFACE FEATURES 

The surface features of the humid lands of the world are quite d.f- 
ferent from those of the dry lands. There arc, to be sure, the same 
kinds of geologic structures and rocks in both; but the manner in 


A GEOGRAPHY OF M/\N 


which the rock structures have been sculptured by the processes of ero¬ 
sion in the rainy lands is very different from that in the dry lands. 
Under rainy tropical conditions, where there is a dense cover of forest 
vegetation, the rock surfaces arc usually decomposed to great depths 
by chemical action. The mantle of loose earth which covers the solid 
rock is molded into rounded forms quite different from the angular 
forms of the deserts. Rivers find their ways to the ocean and carry with 
them large quantities of alluvium. Where structural basins occur, 
which in the dry lands might form bolsons, they are filled with water. 
The rift depressions of East Africa (Plate 13), which are filled with 
fresh-water lakes, are very similar in geologic structure to such dry¬ 
land rifts as Death Valley in Cajilornia or the Dead Sea depression of 
Palestine. 

Surface Configuration. The larger surface features which utanA out 
when w'c examine continental maps—^and which arc comparable to 
such features as hamadas, ergs, or mountains and bolsons in the dry 
lands—arc four in number: plains, plateaus, hilly uplands, and low 
mountains. The high mountains, w'hich in some places closely border 
the regions of this group, are Included in Group VJll, 

The words used to describe these four major surface features arc all 
common in non-tcchnical language. The words used i>y geographers to 
dcscrilic the surface features of the dry lands are strange to most people 
who speak English, but every such person thinks he knows what is 
meant by the words plain, plateau, hill, or mountain. Yet the actual 
use of these w'ords in naming the features of the land suggests that in 
the popular vocabulary there is no very careful definition of them. The 
Turtle Mountains of North Dakota, for example, are only a few hun¬ 
dred feet high above the plain upon which they standj they are really 
a part of the plain, but the local people call them mountains. If they 
arc to be called mountams, then the Berkshire Hills of Massachusetts 
would certainly have to be renamed. To use these words in a more 
exact sense in geography, we must define them more carefully than 
docs the dictionary; but in so doing we must be prepared to find that 
features which arc popularly called mountains arc really plains, that 
features called plateaus arc really hills, or that features called hills arc 
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really plateaus. We aiust be ready to distinguish between proper 
names and the more or less technical geographic terms which describe 
them. 

These four categories of surface features may be given somewhat 
more accurate dcHnition as follows. A plain is an area of low relief/ 
generally less tJian five hundred feet. It Is low-lviitg with reference to 
bordering areas, and is usually, but not in every ease, low in altitude. 
A plateau stands distinctly above bordering areas, at least on one side; 
and it has a large part of its total surface at or near the summit level. 
Its local relief may be very great in cases w'herc it is cut by canyons; or 
it may have as small a local relief as a plain, from which it differs in 
such a case only because of its position with reference to bordering 
areas. A hilly tfpland has more than five hundred feet of local relief 
and has a relatively small proportion of its surface at or near die sum¬ 
mit level. Loti> mountains have more than, a thousand feet of local 
relief, and, like hilly lands, have a relatively small proportion of the 
surface near the summit level. High mountains, which are given fur¬ 
ther definition in the chapter dealing with Group VIJ I, generally h,avc 
a local relief in excess of three thousand feet. 

These distinctions between the major surface features of rainy lands 
arc, of course, arbitrary, and in many places are difficult to apply. An 
area which fulfills the definition of a plateau on one side may resemble 
a plain on the other side; or a hilly upland may seem conspicuous 
enough to be called a mountain from one vicw'point. The name ac¬ 
tually applied is more or less a matter of custom. For example, the 
Congo Basin might be classified as a plateau because it drops steeply 
tow'ard the sea; or as a plain because it is almost entirely surrounded 
by higher land and because its local relief is jess than five hundred feet. 
As a matter of fact, it is generally described as a plain. 

’^Thc telirf of an area the difTcrcficc in clevaucin betw«it (he higheat and lowcit 

pchinb. Relief k clJffcfCfit from alditide, wJ^kh if uiuilly mmtired hum mein sea level. 
There may be lurbccs of very iltghl local relief standing at very high nldtudes-^for 
ample, the Plateau of Tibet; or there may be very sleep slopM and great differences qf local 
rclieE vdihifi an area wUidt lies bebw ica tcvel™a$ on the slcipes of Death Valfcy_ Local 
relief may be dcEncd ai difTcTcnce of elevaiioTi wiihin any iclccred area of restricted sesec. 
See V. C, Finch and G. T Trewartha, 0/ Gtogra^hy, Neiv Ynrk, op. 513 

and 121, 
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Fic. 20- Sur^oee configuration and cover of the Congo Batin and 

ad}oimng areata (Vegetation after Sthantz anU Marbut) 


Distribution of Surface Features. The surface configuration of the 
several areas of Group II is prcscnid on Plates 9-19- The two great 
plains regions in tliis group arc fount! m the Amazon Basin of South 
America and in tlie Congo Basin of Africa (Figs. 20 and 22), However, 
although these two regions resemble each orJicr in their relatively low 
relief, tliey arc otherwise quite difierent- The Amazon drains a region 
of low altitude. The main stream is navigable for ocean boats for thou¬ 
sands of miles inland, almost to the base of the Andes. The Congo, on 
the other hand, drains a plain which lies over a thousand feet above sea 
level. The whole continent of Africa, in fact, may be thought of as a huge 
plateau with steeply scarped sides. The Congo descends over lliis escarp¬ 
ment in a series of falls and rapids. It is navigable for river steamers 
above the falls, but ocean boats can do no more than enter Its mouth- 
Elsewherc throughout the regions of Group J1 small coastal or river low¬ 
lands exist, but none are on the scale of the Amazon and the Congo. 

The plateaus, hilly uplands, and low mountains of this group are 
most extensive in Africa and South America. The East Afnean Pla- 
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teau follows tht eastern coast of Africa southward from EtMopia, 
leaving only narrow patches of coastal lowlands along the water. In 
a few places the plateau is sunnounred by mountains or broken by 
great rift valleys. The highlands of Guiana and Brazil are somewhat 
more complicated. They are coraposed of a mi.\cure of hilly upland, 
plateau, and low mountains. From northeastern Brazil far to the south 
the highland faces the coast with a steep escarpment which rises bc^ 
tw'ecn two and three thousand feet above sea level. The peninsular part 
of India is also composed of a mixture of plateaus, hilly uplands, and 
low mountains, and there is even a small area of high mountains along 
the southwest side (Fig. 26). Soutli of Bombay die narrow fringe of 
coastal plain is known as the Malabar Coast. Northern Australia and 
parts of New Guinea and Borneo are also hilly. 

Most parts of the Asiatic tropics, however, arc made up of great river 
lowlands set in the midst of ranges of high or low mountains. There 
are extensive plains formed by the alluvial deposits along the lower 
courses of the Ganges-Brahmaputra, the Irrawaddy, the Mcnam, and 
the Mekong (Fig. 23). There are relatively wide plains along the north¬ 
ern sides of Sumatra and Java and in southern Borneo. But elsewhere 
there arc only narrow delta plains where the rivers come down from 
the mountains. Similar conditions exist in Central America, the West 
Indies, and in the islands of the southwest Pacific, 


L.^NT>FORMS, DRAlN.AnE. AND SOILS 

The detailed surface features, or lamiforms, of Group 11, which are 
the surface forms visible when studied on large-scale topographic maps, 
are those which arc developed under a forest cover where rainfall is 
abundant. Wherever there is land standing above sea level the rivers 
arc doing the work of wearing it dovim, carrying its loose rock particles 
downhill and eventually to the lowlands or into the sea. Under a dense 
forest cover, however, fairly steep slopes can remain protected from 
rapid erosion by the tangle of roots. When such slopes are cleared by 
man the results arc often disastrous, for, with the protection of the 
forest removed, tlecp gullies speedily develop unless special measures, 
such as terracing, arc taken to guard against tlus kind of destruction. 
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When the streams descending from mountains or uplands reach the 
plains they begin to deposit silt and gravel, building alluvial plains and 
deltas. The rivers usually wind back and forth, or meander^ across the 
plains, only in time of high water spilling out of their channels and 
inundating large areas. The land across vi'htch a river meanders and 
which is subject to flooiUng at high water is called the flood It 
is sharply set off from the rest of the plain, which is not subject to 
flooding, by steep valley bluffs. Along the lower Amazon <Fig. 22) 
the floodplain is some fifty or sixty miles wide, and the valley bluffs 
which border it stand some two hundred feet above the river (see 
Appendix C, section 10). Only on the floodplains or in lagtJons along 
lovi' coasts are there extensive swampy areas. The evaporation is too 
rapid to permit the presence of standing water at the surface for any 
long pcriotl of time except when it is actually raining. 

In the wee parts of the world a certain proportion of the water which 
falls on the surface sinks into the ground. We have seen that in the dry 
lands only a small part of the rainfall actually gets into the soil where 
it is effective in the support of plants. In regions which arc frozen for 
part of the year, the amount of water sinking into the ground is reduced. 
But in the rainy tropics the ground is never frozen; water sinks into it 
whenever rain falls- This percolating water is one of the factors which 
determines the character of the soil. 

Water descending through the loose rock fragments which mantle the 
surface changes the soil in two ways, physically and chemically. In the 
first place (the physical change) it carries down with it the smaller soil 
particles. The upper layer of the soil becomes coarser and coarser; and 
the fine particles are deposited in a layer at some distance below the 
surface which eventually becomes a hard pan of clay- This process is 
called eltmaiiofi. The longer it goes on the poorer the surface soil 
becomes for shalloxv-rooted crops. 

The second change produced by percolating water is a chemical one. 
The minerals which can be dissolved in the water arc, little by little, 
carried aw'ay in solution, leaving in the upper soil layers only the rcla- 
rivcly insoluble minerals, the ones least valuable for plant food. Like 
any chemical process, solution goes on more rapidly at higher lera- 
pcraiures than at lower temperatures. This process is called leaching^ 


A GECXiRAI^HV UF MAN 


and, as in the case of eluviadon, the longer it goes on the poorer the 
soil becomes. In the raby tropics the minerals least apt to be dissolved 
are the iron and aluminum compounds. On level land which is not 
subject to flooding and so to the deposition of new alluvial material, the 
soil which develops is a yellowish or reddish sandy material know'n as 
a laic rile. Outside the floodplains, other level lands of these regions 
normally have soils of low' fertility for shallow-rootcd crops. That 
tropical soils arc fertile is one of the common misconceptions about the 
low latitudes which needs to be corrcoied. 

Tlicrc is a third soil-forming process which contributes also to the 
characteristic infertility of tropical soils. This is called humus accumtt- 
latiott. Organic matter falling on the forest floor is rapidly attacked by 
bacteria and decomposed. In cooler and less rainy regions bacterial 
action is slow, and a layer of dark-colored or black humus is found 
under the fallen leaves. Butin the rainy tropics temperatures are high 
and bacterial action is very rapid. Humus can accumulate only in a 
very thin layer and in certain spots. When the forest is cleared the 
humus is quickly destroyed. This Is another clement of infertility in 
these soils in terms of the common food plants. 

The Occtipance 

The conquest of these tropical lands by man is far from complete. 
In a feiv parts of the world the original landscape has been perma¬ 
nently and radically transformed by human settlement, but in each case 
this has been accomplished only by large numbers of settlers. Where 

such settlement has been made the population today is very dense_as 

in the Oriental rice lands. But the forest docs not yield easily to small 
numbers of pioneers, nor to the more or less temporary activities of 
Occidental plantation owners. Certain people of simple farming culture 
have occupied parts of the tropical forest lands with moderate density, 
but the clearings they make arc constantly threatened by the closely 
crowding cover of vegetation and are usually not permanent- Large 
areas of Group II are occupied by less than one person per square mile. 

The settlement pattern witliin this group suggests that the regions 
most favorable for agricultural settlement arc those which are covered 
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by scmidcciduous forests. Apparently I he obstacles to settlement found 
in the grasslartds and scrub forests on the one hand or in the selvas on 
the other have, in most places, discouraged permanent occupance. Not 
only are the scmidccidiious forests easier to clear for a people armed 
only with simple tools, hut the sods in these forests arc less leached and 
eluviated than those found under the very rainy conditions which pro¬ 
duce a selva. The sods in still drier regions are probably better even 
than those under the semideckluous forest, but in such regions farming 
is made difficult by the need for drainage and irrigation. 

In these tropical regions, as in the dry lands previously described, 
the culture determines the way in which people occupy the territory. 
Besides the Occidental culture, which has in relatively recent times 
extended its influence into the different parts of this group, there is a 
considerable variety of "native” cultures. The word "native” is used 
here to describe non-Ocddental cultures, although this use is ad¬ 
mittedly somewliat loose, since many of the soealled native cultures 
were imposed by conquest upon still earlier native peoples, who them 
selves no doubt entered the region originally from outside. These 
cultures, which occupied the tropical forest lands before the advent of 
the Europeans and Americans, range from quite simple, primitive types 
CO the advanced and highly elaborate types of India and Java. Since, 
unlike the deserts, very few parts of these regions are uninhabitable, 
the various cultures have a wider freedom to develop patterns of occu- 
patice peculiar to themselves. Although in the dry lands all cultures 
alike arc ticti to the sources of water, in the tropical forest lands some 
peoples concentiute permanently on the hot and well-waicrcd alluvial 
plains, others concentrate on the cooler highlands not too remote from 
access to the outer world, and still others move about from place to 
place so that the arrangement of their settlement at any one time is a 
temporary and fluid one. 


OCCUPANCE BY MIGRATORY FARMERS 

There are many resources in the tropical forest regions on which a 
primitive people with few and simple wants can support themselves. 
Edible fruits and nuts are available for those who know liow to find 
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them. The rivers abound in hsh and turtles, anti many of the primitive 
tribes make re^lar seasonal migrations to the fishing places.^ Sca- 
hshing Is of great importance among those who occupv islands or 
coastal lands. Many of the rain forests arc poor in edible land animals, so 
that hunting is generally limited to the search for a few kinds of 
birds and monkeys. The lighter forests, however, especially those of 
Africa, have a more varied animal life, as we have seen. Some of the 
primitive tribes of the Congo, such as the Pygmies, arc specialisted hunt¬ 
ers, carrying on no agriculture, but attaching themselves to the out¬ 
skirts of agricultural settlements and exchanging meat for agricultural 
products. 

In most of these regions the hunting, fishing, and collecting arc 

'T. Bninhes, itudv of the "Fang Tribej" of Africa, in Human Ceagmphy (Chic*^ 
192C),pp, 
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supplemented by crop cultivation. Imagine, however, the diflicultics 
which stand in the way of a people whose culture includes the use of 
only a few implements! The removal of the large trees of the forest 
is a task which requires more effort than the results make worth while. 
In the Amasion forest the clcarhigs for agriculture are made by re¬ 
moving and burning only the smaller trees. Crops arc planted among 
the charred trunks in the partial shade of the forest giants, which are 
not touched. Such haphazard agriculture is a purely temporary affair; 
the confusion of weeds which soon springs up among the crops makes 
it easier to clear a new area elsewhere than to attempt a more perma¬ 
nent cultivation. Crops arc harvested from a jungle, and the tribe 
moves on. This U knosvn as migraiory agrit^itlmre. 

Other native peoples, however, practice a more elaborate form of 
migratory agrtciilmrc. With the aid of better tools the forest is entirely 
cleared, except for a few species of trees which bear edible fruits or 
nuts ami are too valuable to be destroyed. In the Best year after clear¬ 
ing, these native gardens support an extraordinary wealth of plants. 
Towering overhead arc the fruit or nut trees left over from tire forest. 
Below, the tallest planted crop U the banana. Below this is a haphazard 
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confusion of manioc bushes,’ jnaize, sugar cane, dry-beld rice, peanuts, 
and tobacco. Finally, on the ground are such crops as yams, beans, 
eggplants, tomatoes, and many others of our common vegetables, which 
here grow to large sizes. Although these gardens arc inefficient and un¬ 
systematic in appearance, more actual food per acre is probably produced 
in them than in gardens planted by any other agricultural method. 

Such productivity, however, cannot be maintained. In a year or so, 
after the crops of maize, rice, and vegetables are harvested, the bananas 
and manioc become so thick that no other crops can survive. The 
manioc continues productive for as long as four or five years, after 
which the bushes arc cleared away and the bananas and fruit trees alone 
occupy the land. The banana plants overrun the clearing. Intertwined 
witJi crcct>ers, vines, and a profusion of other plants. Gradually the 
former garden takes on the aspect of a jungle. The clearing of new 
land presents fewer diSicuhtes than the removal of this second growth. 

As long as migratory agriculture con be practiced over a wide ex¬ 
tent of territory by a relatively small number of people, the essential 
infertility of the soil may not become important, for only virgin soils 
arc used. In areas of somewhat denser population, on the contrary, the 
decline of crop yiekJs may become serious. When all the territory in 
the neighborhood of a village has been worked over and abandoned, 
either the village itself has to be moved to a new site or else previously 
worked land must be cleared for a second time. The abandonment of 
the village is a simple matter, for the houses arc of liglu consEruciion 
and are built of readily available materials. Hut the repeatetl use of the 
land for the production of such heavy crop loads rapidly exhausts the 
small amount of natural fertility m the soil. Not only arc the yields 
much diminished, but on the abandoned clearings the coarse savanna 
grasses begin to come In to the exclusion of the other vegetation types 
which can no longer be supported. For a people armed only with the 
liQc, the removal of grass h even more difficult than the removal of the 
forest. Eventually the community is faced with starvation and may 
break up into several streams of migration, as the Mayas of Yucatan 

ii a root crop whicti continpcs tQ Yield for a nurtibcr of years after k is firsi 
planted. Prom it H derived ivhai we know aj upioca. Tilts crop u atw ns fled inandioc;! 
tw casKiva. 
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are (bought to have done. The abandoned clearings now form open 
grassy patches in the midst of the forest. To this kind of economy the 
Germans give the expressive term ranbwirtschaftt or robber economy, 
because it makes use of the resources available in nature in such a way 
as to destroy them. 


OCCUPANCE OF THE RICE LANDS 

The cultivation of rice is one of the distinguishing traits of several 
Oriental cultures. The subtropical margin of the Asiatic low latitudes 
is probably the native home of the rice plant. While at the present 
time this crop is concentrated chiefly in the mid-latitude regions with 
mild winters (which wc shall describe in a later chapter), it is also 
found on a large scale m the neighboring parts of the tropical forest 
lands. The Eastern cultures arc in numerous ways built up around rice: 
for not only does this crop furnish a very large part of die fooil supply, 
but the labor of producing it takes up a large part of the working hours 
of the Oriental peoples, and customs associated with rice arc found in 
the religious ceremonies and in the Idiomatic phrases of the language.’ 

The retjuirements of paddy, or wet-field, rice arc quite different 
from tliose of any other cereal crop. In the first place, most of the 
varieties of rice require a hot growing season. Since most of them also 
require tllat die fields be inundated during at least a part of die period 
of growth, an abundant supply of moisture must be available, either 
from large rivers or from a very heavy rainfall. Rice is ideally suited, 
then, to the monsoon type of climate, because of the very heavy rains 
which come during the summer months. But within the monsoon 
regions not all soils and surfaces are equally suited to this form of cul¬ 
tivation, Some places are too far from a supply of water for flooding 
die paddies; some soils arc too porous. The best places for rice are the 
floodplains of the larger rivers, where there is a fertile alluvial soil and 
an abundant supply of water. See Figs. 21 and 24. 

The relatively small amount of first-class rice land, where the most 
favorable conditions of climate, surface, and soil are combined, leads 

Chinese, (W instance, ihc gcncrol wofd for food {fan) U alim used ^prcifiLTlTv ffw 

cnnltcd ricc. 
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Fio, 23. A pan of itm £s/i Irt^iei and southeast Asia 


to the imensive utilization of these places. The land is divided into 
small field unitSt generally not more than a quarter of an acre in size. 
A very great amount of labor is applied to the rice crop; for after the 
land is plowed and smoothed, in some places with the aid of domes' 
ticated buffaloes, the remainder of the planting, cultivation, fertiliza- 
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Fic. 3^. Preparing a pifd^y tn China for the planting s/ net 


tion of the soil, ajitJ harvesting of ihc crop is done by liic energy of 
human muscles, Dense populations arc reciulrctl for the production of 
rice by these methods and arc in turn supported by its production. In 
parts of India and Java a population of nearly two thousand people 
per square mile is reported. 

Perhaps under no other agricultural system is the surface of the 
earth so complctclv transformed as in the rice lands. No remnant of 
the original cover'of vegetation is left. With certain exceptions the 
people live in compact villages, almost hidden by a dense growth of 
planted vegetation. Palms, banana plants, tall, feathery clumps of 
baml>oo, and here and there the towering bulk of a kapok, or silk^ 
cotton tree, or one of the several kinds of tropical fruit trees, such as 
the mango or the breadfruit-all these nearly conceal the houses of the 
villages. Somewhat raised above the general level of the rice paddies, 
these villages resemble heavily forested islands, especiaUy during the 
season of the year vrhen the rice fields are brown with bare mud or 
concealed beneath the flood waters. Roads lead from the villages into 
the surrounding country, over which the workers pour out in the early 
morning and return at night, leaving the countryside quite uninhabited. 
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Flc, 25. Rice ierrscet in tkt densely populated island a} fat'a 


Outside these nucleated settlements the rice paddies are almost lui- 
Intcriuptcd. Here the surface of the earth itself has been remodeled. 
Each individual held is leveled and surrounded by a dike. In order to 
insure drainage, each one of the paddies must lie at a dilfcrenc elevation 
from its neighbor. Whatever may have been the original land forms, 
man has sculptured the surface for his own needs, neglecting no small 
bit of this very valuable land. Most spectacular of all is the terracing of 
hilly areas, where contour-like platforms outline the shape of ridges 
and valleys. In parts of Java rice terraces have been built on slopes of 
as much as ^15°, Sec Fig. 23. 

Thus a new landscape is created—a landscape which changes its 
color and its character w'ith the swing of the seasons. While the heids 
are being plowed the scene is brown and desolate, dotted here and there 
vi'ith the verdant islands, on w'hlch lie the hidden villages, or with the 
few patches of vivid ycllow-gtccn where young rice plants have been 
started and are waiting to be transplanted. Then the paddies are inun 
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tiatcd, and, wading knec^lcep in water, the workers set out the young 
plants. These quickly take root, and in the course of a week or so the 
pale color of standing water is replaced by the lich green of the grow- 
Lng crop. Myriads of water birds feed on the paddies and on the in¬ 
sects which breed in them, and the nights vibrate widi the voices of 
millions of frogs. As the grain begins to ripen, the color changes 
again—now to a golden yellow. The water is drained away, and care¬ 
fully, so as not to lose a bit of the precious crop, the rice is liarvcsted. 
Again tlie brownish fields, thick with the stubble of rice straw, await 
the plowing and the repetition of the cycle. There is nothing left to 
suggest the tropical forest, over which man with such difficulty estab¬ 
lishes his conquest. 

Other crops also are grown in the monsoon regions. In some cases 
a dry-season grain such as wheat or millet, or perhaps sugar cane, is 
planted on the Jrv rice paddles. Bui there arc great areas entirely un¬ 
suited to rice, either because of low rainfall and consequently inade¬ 
quate supplies of water or because of porous soil, which allows die 
irrigarion water to seep away too rapidly- Even in fava and India only 
a relatively small proportion of the country is first<lass rice land and 
supports the dense populations previously mentioned. Of necessity, 
sertlemcnx spreads to the poorer, non-ricc-producing areas. Here other 
subsistence crops form the basis of the occupance: millets of various 
kinds or a combination of the food crops previously described for the 
other regions of this group, such as maize, manioc, upland (or tiry- 
field) rice, peanuts, and bananas and other tropical fruits. 

While many of the agricultural practices in these lands were devel¬ 
oped before the arrival of the Europeans, the capacity of this system to 
support dense populations h.is been built up during the last century 
uiuler European rule. The Dutch in Java, the British in India, and to 
a certain extent the French in Iiido-China have established a measure 
of security against warfare and raiding, have imposed a system of sani¬ 
tation, and, in addition, have stimulated a closer attention to agriculture. 
The ri:suu’has been in each case a rapid growth of population which, 
in spite of the sanitary measures, increases the problems of poverty. 
Java in 1815 had about 4300,000 people, concentrated chiefly on the 
rich soils of the northern alluvial plain around Batavia. By 1900 the 
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Fjg. 26. The pe^it»4tila 0 / Indi^ 

population had increased to about 28,400,000, and in 1945 it had reached 
50,000,000. Such increases, unless accompanied by numerous cultural 
changes, raise serious problems of food supply. 

India and Pakistan. One of the world's outstanding problem areas 
is the peninsula now occupied by two self-governing British dominions, 
India and Pakistan (Fig. 27). The peninsula as a whole is over a mil- 
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Fla. 27. Tkt poftikai dieisiom arid fconomic vrtai of India and Pa^iitan. (Afirr 

V, S. Caranathati) 
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Hon and a half square miles in area, or almost as large as the continent 
of Europe excluding the Soviet Union, and it is occupied by more than 
400,000,000 people, or about a fifth of the whole human race. Measured 
In terms of the area suitable for farming, the population density In 
India and Pakistan, considered together, is 423 per arable square mile. 
This is not so great as the population density of 769 per arable square 
mile in java, nor the more than 500 per arable square mile in both tlie 
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Philippine Islands and Puerto Rko. But in the ease of India and 
Pakistan this density is not a local mattcii it involves a very large total 
number of people. 

The peninsula is also an outstanding problem area because the huge 
population is bereasing at a rapid rate. With the very high birth rate 
of more than 45 per 1000, any decrease of the death rate results in a 
sudden increase of the total population. At lire present time the m* 
crease is about six million per year, or fifteen thousand per day. Even 
when peace and order are maintained by a strong police force, and 
when some attempt to provide medical service is made in the cities, the 
death rate remains high owing to famine and disease. Only half the 
persons horn reach the age of twenty^^two. If famines and domestic 
warfare do not wipe out vast numbers of people, and if the level of 
living is raised by industrialization or better attention to agricultural 
practices, the decrease m the death rate cannot fail to cause a sudden 
upturn in the net rate of growth. In a few decades the total number 
will have reached 700,000,000. To keep such a vast number of people 
alive, let alone to provide them with what Occidentals would consider 
to be a minimum standard of diet, the food supply would have to he 
increased three times. 

A major problem in this crowded land is created by the deep-seated 
religious conflicts. There arc approximately 250,000,000 Hindus and 
92,000,000 Moslems, whose basic concepts of lift arc profoundly dif¬ 
ferent. The Moslems arc in a majority in the iciriiories to be known as 
Pakistan; the Hindus are in the majority elsewhere. In addition, there 
are seven other major religious groups. Over two hundred different 
languages are spoken, and of these, twenty are spoken by at least a 
million people each. 

In 1^7, when British rule ended, the peninsula was divided into 
two dominions. Pakistan (Fig. 27) is separated into two parts, one 
in the northwest and the other in the northeast, with its capital at 
Karachi. The total number of people in Pakistan is 85,000,!)(X!. The 
remainder of the peninsula is included in the dominion of India. But 
India is far from being in fact a closely-knit unit, for, in addition to 
the 215,000,000 in die Hindu state, there arc at least 100.000,000 in¬ 
cluded in semi-independent princely states. There are 562 of these, and 

104 


nlE tropical FORtST LANDS 

they ODBC in size from Hyderibnd, with 27,000^ people, whose rufa 
Is reput«l to be the richest man in the world, to the many smaU bold¬ 
ines which arc essentially independent private estates. 

Of all the people in India and Pakistan, at least two thirds are 
directly dependent on agricnlture. Hie kinds of crops vary eonsufcr- 
ably from place to place, however, depending on the physical q“"'ty 
of L land. Only a tew places are soitable for the eullivatmo of rna:, 
hut in them a very large part of the arable land is devoted » 
crop. These rice areas are places of great population density. 1 wo <rf 
them are in PakUtan; on the Ganges- Brahmaputra Ddia^, cast of Cal- 
cutta, and on the alluvial plain farther north, whtte the t^ great 
rivers join dirough a network of channels. The rest are in Mia: on 
the delta of the Mahanadl, on the delta of the G^avan, on the Cor» 
mandel Coast around Madras, and on the whole Malabar Coosi smth 
Bombay. But the greater part of die counlry is too dry lor nee. On ihe 
drier lands the chief food crops include a grain sorghum (jowar, bap^ 
or ragi), barley, millet, maiae, and a variety of vegetables. A Urge pro- 
poniil of the grain must be used for animal feed rather than m 
L)d however; for India has huge numbers ot cattle (aboul 160,000,1100 
head « more than twice the number in the United States), Because d« 
H Ju rdigitm does not permit the killing of animals or the eanng of 
meat, the Lv use made of all these cattle is for draught animals, te 
which purpos;: the. are much less effieleut than horses and mules. To 
ehauge this situation in favor of grcaler ose of grain for humm food 

would reuoireachangeln, he bcliefsofoneoftheworldsoldestrel.^ 

Some commercial crops have been raised in dlfferenl pa, s of the 
peninsula. In the northwest, in Pakbtan. the borclers of the dr, la.^* 
Lve been used for wheat, in some years part of the crop was es^trf 
through Karachi, but to an increasing extent it has teen consumed 
the chics, most of them now outside of Pakistan. Commeraal crops 
have been raised in rotation with footl or feed grams, “'‘>“'‘‘"81“^'’ 
the wa area emt of Calcutta and cotton m the drier arena The^f 
cotton area is in the Deccan Plateau (Fig. 29) m the part mdicated on 
die map (Fie. 26) as a lava plateau. Here, inland from Bombay, on good 
Quality mils derived from the weathering of the yoleanie rocks, a eoanc- 
Lirf cotton is grown, the chief out of which is for low-pnce tattles. 
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Fig. 28, P:c^$tig i tnion far Mif texti'U miiii in 


The great majofity of the people wlio are crowded into the terri¬ 
tories of [ndia ami Pakistan are only dimly aware of the large political 
and economic issues which disturb this land. Most of the inhabitants 
live in the hundreds of thousands of small villages scattered over all 
but the arid parts of the area. Each village is a self-sufficient com¬ 
munity. The food supply comes chiefly from the immediate locality, 
and since the villages are usually not reached even by a road for W'hecled 
vehicles, local crop failure cannot be relieved by shipment from outside. 
The map of a portion of the .Mahanadi Delta illustrates this pattern of 
isolated settlements (Fig, 29). Each village has its own artisans, its 
own handicraft specialists. The people are illiterate and have little to 
do with the heated discussions of national policy w'hich sound so loud 
in the cities or in the wwld outside. 

In great contrast are the large commercial and industrial cities. Both 
Bombay and Calcutta are cities of more than a million inhabitants, 
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Fic, 29* kicf-land topography' (hf dntto ui the Shhanodi. The modi for 
HrheeUd tvhiefei lend to the narihweit to the fity of CnUefh,> obaul thirty 
rrHer owttv. thif oreo moil of the /oeol tommxirneamrrt are by fool^ 

path. (From Bihar and Orlss.1 ihisrEs oi the British Sun't7 of India, 1928,1929) 


and there arc several other smaller cities in which both commerce and 
industry have made an important start. In both Bombay and Cakuna 
there art big textile milk, and in a town located 155 miles west of 
Calcutta there is a huge steel plant which makes use of near-by sources 


•UnformMtrly the □( the vinrd "topngrtphy h« «used thr lo« of .i. 

orietnal turning: In wriunp the word is now used lo refer only to the Itndfwms 
fhe churseter cf the fswres. In this book. howcs-=r, Ets onpo«l mear.ng wjU be 

T. ...Ill m The details wliieli comprise the landscape of a small area, -the 


on_ 

retained. It will refer no the details , , - 

tandfornw and also all the ocher features occurring^together on the earth ssoria«, tson a 
A topoRTsphie study refers to the study of a smalt area. In thu sense 
phTaod geography form a series of increasing gerwraliitaiion. 
r,todies ot larger regions; genpaphy, W a study of ihe world or of 


topographic map, . ^ . 

lopagraphy. ehorography, and geography form a 
Chofograptiy refers to r" ‘‘ ' "t™ 
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of raw materials. This steel plant is the largest single unit of this sort 
in the world, and it is said to be the lowcsKosi producer in the world. 
Madras is a center for the manufacture of leather goods. Manufactured 
goods from India have been exported for many years to py for the 
essential imports of foodstuifs from Burma, Siam, and the East Indies. 

The economy of Pakistan will be chiefly agricultural. In this Moslem 
state there will be a surplus of both rice and wheat. Pakistan also 
produces most of the jute of the Ganges-Brahmaputra region, although 
the factories for making jute textiles arc all in Calcutta, which is in¬ 
cluded vidthin India. Cotton, wool, tea, tobacco, furs, hides, and leather 
arc prcKluced in Pakistan beyond the capeity of that dominion to con¬ 
sume these things. But Pakistan has few industrial establishments. It 
will be depndent in considerable measure on the urban markers of India. 

The part of the peninsula now included in India is the pan having 
mucit the greater share of the industries and the industrial raw mate¬ 
rials, although it is weak in terms of agricultural production. Almost 
all the coal and iron depsits which supply ilie big steel plant arc in 
India, anti ne.trly all the textile mills are also in this dominion. Exports 
include manganese, mica, leather products, shellac, oil seeds, cashew- 
nuts, tea, coffee, and textiles. 

If the problems of establishing a sound domestic government, and 
of developing a workable relationship between the tw'o separate do* 
minions can be solved, India and Pakistan, and espcially India, have 
the man power and the resources to become important world powers. 
But if the food supply is not increased rapidly enough to take care of 
the predictable increase of population during the next few decades, India 
will be swept by famines of unprecedented severity, and a majority of 
its people will continue to exist on substandard diets close to the etlge 
of starvation. The emergence of an industrialized state from a mixture 
of Oriental peoples is a painful process, and one which has great sig¬ 
nificance for the economic and political patterns of the next centurv. 


OCCUPANCE BY OCCIDENTAL CULTURES 

India has made a start toward the development of an industrialized 
state, but as yet it cannot be said to be a pan of what we have called 
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the intiu^trisl societv- Even where sn Occidcntfll nstioii his estiblished 
its politicil control over in Oriental people, the total jiumber of Occi¬ 
dentals actually in residence in the colonial country are fcWi In India 
the BritUh have not numbered much over 125,000 except in time of 
war> Still fewer ire the numbers of Dutch in the Netherlinds Indies, 
or the French in Indo-China. 

The lure of commercial profits led the Occidentals into the low- 
latitude regions of the world. This emphasis on commerce is the reason 
why Occidentals, more than the people of my other culture, give special 
attention to the development of the meins of miisportation ports, nav¬ 
igable waterways, roads, railroads, and, most recently, airports. From 
the urban centers of Europe and North America Occidental iiifluenccs 
reach out to the most remote places, and over the converging lines of 
transportation move the raw materials or manufactures that have been 
built into the way of living of the people of the industrial society. Even 
today the Occidental settlements in the low latitudes arc mostly near 
the coast where they can be reached easily from an ocean port. 

Effects on the Native Modes of Occupance, Although the Occidental 
oceupance may be limited to relatively few parts of these regions, the 
contact of this world culture with the various native cultures has pro¬ 
foundly altered the native way of living. Many radical changes in the 
distribution of plants, animals, and even people have resulted from the 
development of the Occidental means of circulation. Tlie largest Negro 
populations, for instmee, arc no longer in Africa, but in industrial 
North America. Among the crops maize, manioc, rubber, cacao, to¬ 
bacco, and many others were known only in parts of the American 
continents before the Europeans carried them to other distant regions. 
Now the African native agriculture is organized around maize and 
manioc Coffee on the other hand, has been taken from the Orient 
into South America. Domestic animals, too, have been exchanged, for 
the American natives had neither cattle nor poultry before these were 

introduced by Europeans. u 

Thc results of the development of world circulation have not been 

entirely beneficent, however. Many diseases which formerly were 
localized in rather small areas are now widespread. The introduction 
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of diseases into new regions along lines of travel is not a new phenom- 
cnonji but it has never before been exhibited on such a large scale. In 
recent years medical science has shown the importance of controlling 
it and the methods of doing so. 

Actual commercial contacts have also done much lo change or to 
modify the native way of living. These involve not only the purchase 
from the natives of certain tropical products but also, in exchange, the 
sale of manufactured products from the urban industrial establish- 
ments. Weapons, agricultural implements, clothing, and liquor are 
traded even in remote parts of the interior for sucii valuable items as 
ivory, tropical cabinet w'oods, like ebony or mahogany, or other rare 
products collected in the forests. Where populations are dense and 
labor is cheap, the native peoples may be led to the production of com¬ 
mercial crops such as wheat, sugar cane, cotton, and many others, either 
by actual physical compulsion or by the establishment of economic 
necessity. 

Occidental Plantations. There is a long list of agricultural prot^lucts 
that cannot be grown in the middle latitudes because of climate, but 
which have become essential for the needs of an industrial people. 
Some of these are food crops; others are used in the manufacture of the 
many kinds of things Occidental people use. Among the food prod¬ 
ucts are sugar cane, which now' comes chiefly from Cuba; coffee, which 
comes from Brazil, Colombia, and Central America; and a long list of 
lesser items such as cacao, chicle, cinchona, vanilla, spices (such as 
pepper, cloves, ginger, and cinnamon), and many tropical fruits (such 
as bananas, coconuts, pineapples, avocadocs, and mangoes). Rubber is 
of major importance as an industrial product. Over 90 per cent of the 
world’s natural rubber comes from plantations on the Malay Peninsula 
and on the island of Sumatra. Ollier items include Manila hemp, sisal, 
gums, and insecticides. Even tropical woods are coming into use as 
their special qualities arc appreciated and utilized. 

In many cases these products were first brought to the European or 
North American markets through the collection of the raw materia! 
from plants growing whld in the tropical forests. Later, as the demand 
increased, production costs were greatly lowered per unit by devclop- 
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Fw. 30. Cutting sug^r « pl^f^i^hon in Fu»tt) Rks 


ing plajirations. Much of Northeastern Brazil, the West Indies, and 
some other parts of Latin America were hrst settled by the plantation 
„s.cm ta Jon Nogro slovc bto, Tho «op .ngor cane A. long 
„ .he n.arkc. « good, .he n««.a,y number of «-orker. ,r reeru ted b, 
«ha.ever .,s.em is b use. nnd the pbnB..on .s ma.nrsmed unde, .he 
supervision of a small number of residen. «'h..cs. Bu. such a syslern 
is Lenrially speculanve and .emporary, lor Mi only may sods be im¬ 
poverished bv repeated cropping, or yields reduced by “ 

also other areas with lower costs may capture the market, or the market 
irnrlf may collapse owing .o change in fashion or taste, or to the aee^t- 
ance of substitutes. The Occidental planmuon u a dtsunet example rf 
of the tempontry exploitation of a reusorce and prob- 

ably of a people. See Fig. 30. 
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Ocddcnta] Settlement. The actual settlement on tropical lands by 
Occidental people, doing their own work, is another matter. There are 
three chief regions in which such settlement has taken place: the hJllv 
uplands and plateaus of Sao Paulo in Brazil; the hilly upland of North' 
cm Rhodesia and of the southern part of Belgian Congo in Africa; and 
the plains and hilly uplands of Queensland in northeastern Australia. 
In all three of these areas Occidental people have established permanent 
agricultural settlements in regions of Group II; and in each case scttlc' 
ment is based on the production of something to sell in exchange for 
necessary imports. 

Sao Paulo, in Brazil (Plates 2,11,12),has risen to importance chiefly 
since the middle of the nineteenth century. To be sure Sao Paulo city, 
established in 1554, was the first Portuguese settlement on the Brazilian 
Highlands; and from this town expeditions went out to explore and 
exploit the vast interior of the continent from the headw-aters of the 
Amazon to tlie mouth of the Rio dc la Plata. Bur there was not much 
fixed settlement in Sao Paulo State until the beginning of the coffee 
period in the middle of the last century. Since about 1880, Sao Paulo 
State has been the leading coffec*preducing region of the world. Great 
numbers of immigrants have poured in, not only from other parts of 
Brazil, but from all over Europe, especially from Italy, Portugal, and 
Spain. There were never more titan a fesv native Indians in the region, 
and almost none are left now; and few Negroes were ever brought into 
this p.art of Brazil. The work of planting, cultivating, and harvesting 
coffee has always been done by people of European origin. Sao Paulo 
is the economic heart of Brazil; its population is over 7,000,000. The 
city of Sao Paulo, now haring a population well over a million, has 
become the largest center of manufacturing insiustrv in all Latin 
America. In its hinterland not only coffee but also cotton, sugar cane, 
oranges, and a variety of other crops arc produced, as well as fcetl for 
cattle on their way from the remote interior to the slaughterhouses of 
Sao Paulo and Rio dc Janeiro. See Figs. il and 32. 

European settlement in Northern Rhodesia and neighboring parts 
of Africa (Plates 3, B, 14) is on a smaller scale than in Brazil. British 
colonists have made clearings in the open, parkUkc scrub forest and 
h.-ive establishfti farms along the railroad which runs northward from 
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Livingstone on the Zambezi 
River toward ElizabethviUc 
in Belgian Congo, by way 
of Broken Hill (Fig. 53). 
This is the high ground 
which forms the \vater5Jied 
between the Zambezi and 
the Congo: it is high 
enough to be above the 
range of the tsetse fly anti 
so is relatively healthful. 
Large areas suitable for a 
similar kind of farming arc 
shl) available for new pio' 
jiecr settlement along this 
railroad,^ and along the line 
which extends westward 
across Portuguese Angola 
to the Atlantic coast. Eliza- 
bethvillc has become an im¬ 
portant commercial center 
and a large distributor of 
agricultural machinery. The 
chief commercial product is 
cattle, which arc marketed 
in the copper-mining com¬ 
munities of the Katanga 
District of Belgian Congo. 
This area, unlike Brazil, has 
been occupied by Europeans 
m the presence of a consider¬ 
able native population of 
Negroes. A major unsolved 
problem in the area is the 
relation between farm w'ork- 
ers of different racial and. 



Fie. 33. Fitnns in flhodcsta, (Reproduced from 
Pioaefr publi^hed by the Amcrian 

(jccgnphicjl Society of N cw Vork) 
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especially^ cu I rural backgrounds. In contrast to the 7,000,000 people of 
Sao Paulo Slate in Brazil, Northern Rhodesia has a population of 
1^00,000, of which about 14,000 are British farmers. 

The spread of white settlement norJiM'ard in Australia has pene.^ 
trated lands which were essentially empty of human inhabitants (Plates 
6, 19, ?0). Pioneers have pushed along the coast north of Brisbane, 
chiefly witliin the narrow band of tropical scmidcciduous forest- Here 
sugar cane and cotton arc produced entirely with white labor. In 
northern Queensland and in southern Florida are two areas where 
workers of European descent have been successful in carrying on farm^ 
ing at sea level in the low latitudes. The Queensland area has been 
made the subject of much study and may ultimately offer an answer to 
the problem of wJute settlement in the tropics.’ 

The spread of settlement along the whole northern coast of Aus¬ 
tralia will apparently be more difficult than the movement north of 
Brisbane. To the west the monsoon climate is one of mild, dry winters 
and hot, rainy summers. The vegetation is mostly savanna with patclies 
of scrub Forest along the coast. Today this coastal land is very thinly 
settled- The problem of holding it against the pressure of Oriental 
|)eoplc in the crowded regions of southeastern Asia is one which causes 
the Australians much concern, for sooner or later the land must be 
occupied by Australians if the pressure from the north is to be with¬ 
stood. 

Conclusion 

The forest still dominates the landscape in most of the areas of this 
group. The high temperatures and the absence of a winter, the rank 
vegetation which springs up with such rapidity in every open space, 
the teeming exuberance of all forms of life, have conspired to create in 
the minds of middle-latitude visitors the impression of easy living in 
the midst of an abundance of resources. But this impression is actually 
far from the truth- The prevailing poverty of the soils is not reflected 
in the vegetation cover; for the heavy leaching and cluviation and the 
lack of humus are brought about by those same conditions of the 

GfcnfeTI Priff, Sctila^s in the Tri?fnct\ Amtnean Sficicty^ 

Spcd^l Publication, no. 25, Nciv YoflCj 1939. 
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climate which produce the forest, namely, high temperature and 
humidity. Easy livLitg is possible if wants arc few. But the real con¬ 
quest of the forest for die permanent establishment of human settle¬ 
ment has been accomplished only where great numbers of people have 
been willing to live lives of unremitting and persistent toil. The way 
of the pioneer is indeesl hard; for those things wliich can be accom¬ 
plished by great numbers of patient workers do not yield easily to the 
isolated frontiersman. 

People with diHcrcnt cultural heritages face the problems of living 
in these regions in quite different w'ays. For the primitive forest 
dwellers, with simple culture and few wants or ambitions, life is not at 
all difficult. These people do not attempt the conquest of the forest, 
but rather arc content to accept such living as the untamed selva pro¬ 
vides. Until white men came to develop new wants and to spread new 
diseases, distress or poverty was probably little known. This kind of 
human occupancc, liowevcr, develops no fixed patterns of distribution 
and leaves few traces of its existence on the land. 

People with a somewhat more elaborate cultural lieritagc, on the 
other hand, have been unwilling to accept the primitive existence 
afforded by the forest anti have sought to establish themselves more 
permanently on die land. During the course of history a number of 
such group,s of people have actually been able to gain a temiwrary 
dominance over the forest. Clearings have been made over a consider¬ 
able area, and by some variant of the native garden type of occupancc 
a large agricultural productivity has been developed. But this type of 
conquest is no more permanent than the primitiic one. The soils have 
not withstood continuous agricultural utilization, but have gradually 
deteriorated until the decreasing food supply could no longer support 
the increasing population. The ruins of ancient civilizations, such as 
those of Central America and of Siam, are now overgrown witli a dense 
jungle cover, all but obliterated by the victorious forcst. 

Thc massed human hordes of the rice cultures have succeeded in 
making their conquest permanent. By completely transforming the 
original scene tliey have left no trace of the forest, and by persistent 
labor they leave no opportunity for its return. The crop around which 
ihcv have built their wav of living vidtU enough sustenance to support 
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25 many as live hundred people per icjuarc mile. But only relatively 
few square miles possess just those qualifications of climate, surface, 
and soil which permit rice cultivation. On these suitable areas, there¬ 
fore, the population is concentrated densely, and the use of the land is 
intensive, The paTterns of settlement thus establislied are fixed and 
crystallised. Although hitherto this type of occupance has been devel¬ 
oped almost exclusively in tiie Orient, there are many parts of the 
African and American tropics which arc suitable. The Amazon Basin 
is physically capable of supporting an enormous number of people— 
another major nation, but one which will occupy the land in accord¬ 
ance with the Oriental mode. 

The Euro-American mode of oceupance is quite diJferent. Two 
chief considerations govern the distribution of settlements. In the first 
place, the emphasis on commercial relationships with the middle latU 
tusles enforces a dose connection of all settlements with the coastal 
ports. In the second place, white people seek to avoid ilittsc hot, humid 
lowlands so much desired by the ricc-grow'ers and concentrate instead 
on the cooler uplands. The contrast between the paticnis of population 
distribution in Brazil and in southeastern Asia is striking. Yet these 
rwo considerations w'hich govern the localization of Occitlcntal settlcn 
ments are not harmonioust elevation provides relief from the lowdand 
heat and humidity, but at the same time it renders access from the 
coast much more difficult and brings foremost the problem of trans¬ 
portation. 

The Amazon Basin, suitable as it may be for Oriental occupance. 
is nevertheless politically under the control of a Western nation. Many 
other parts of the tropical forest lands, notably northeastern Australia 
and parts of Africa, are in the same situation but on a smaller scale. 
One of the great problems of the future is the question of whether or 
not these great empty regions can be occupied by svhite people and 
whether white people can establish their hold on these areas in the face 
of the very cHcctive occupance by people of Oriental culture. The 
enormous increase of population in southeastern Asia must inevitably 
lead to expansion, and, but for the political and economic control of 
the Europeans and Americans, vast new lands await the Oriental 
colonist. The outcome is not easy to predict. 
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At a lime when little of the world was known, and when Western 
culture was beginning its development in the Mediterranean* countries, 
Aristotle set forth his famous classification of climates. With the hot, 
dry Sahara to the south, and with the cool, rainy forest lands of Europe 
to the north, it is linlc wonder that the Mediterranean world, with its 
mild temperatures, its abundant sunshine, and its scanty but sufficient 
supply of rain, should seem to him the most "temperate” of all lands. 
His classification of the world he knew included three ^oncs: a torrid 
2one, too hot to be inhabited by civilized men; a frigid zone, too cold 
and stormy for any but barbarians j and a temperate zone, the home 
of the Greek culture, the only habitable part of the workl. It is a re¬ 
markable evidence of the keenness of Greek thought that on theoretical 
grounds alone the existence of a south temperate zone and a south frigid 
zone was postulated. This classification is perfectly understandable in 
view of the knowledge the Greeks possessed, although the application 
of these zones to the world as a whole has been very misleading. It is 
to these "temperate" lands of Aristotle and their counterparts in other 
continents—for some cultures, perhaps, the pleasantest of the world's 
habitats—that we now turn our attention. 

In many ways the classification into zones developed by Aristotle 
points out the salient peculiarity of the regions of this group. They 
are essentially transitional; yet in the zone of transition arc developed 
a number of striking characteristics which make them unique among 
the world's habitats. Transitional in climate, most of the regions of 
this group lie closely hemmed in between high mountains and the sea. 
This transitional character is further emphasized by the position of the 

’The Exjrdcra of the Metli terra nesm Sea make up the most mcuHve area of this 
group. The u« of the name "nicd iterninean" to refer ta all the ana logwH r^oju ihrwgfi- 
out the v,-orld « in aceordante with common pfaciice in other wrlringy on regional gtog- 
raphv In this book MeditcrratiEan will be wriuen with a capital M when it refers to the 
land! about [lie Mediterranean Sea, and with a email m when it refer* to the gf.xip « 
a wliolc. 
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Mediterranean Basin, on the margins of which are the coasts of three 
continents—Europe, Asia, and Africa.' 

The mixture of ideas coming from such widely separated parts of 
die earth gave to the new cultures developing in the Mediterranean 
Basin that vitality which arises only as a result of the compoimding of 
diverse elements. During the many centuries of the classical period 
the Mediterranean peoples were drawing greatly contrasted culture 
traits from the ends of the known world, and from the clash of these 
varied ideas and modes of living the fundamentals of what is now 
broadly called "Western culture” were being worked out and estab¬ 
lished. History has given abundant proof of the fact that cultural 
growth takes place not in sheltered spots, but m places where the 
currents of travel converge,—where all kinds of people come together. 
Sheltered and isolated places arc more commonly regions of survival, 
where ancient and traditional ways of living arc prcscrvfxh The evolu¬ 
tion of a new culture out of the accumulation and digestion of diverse 
elements at a focal point in the world lines of circulation is perhaps 
best illustrated hy this "cradle of Western civilization.” 

The major lines of travel no longer converge on the Mediterranean 
lands of the Old World. The present larger foci lie elsewhere. Many 
of the analogous regions in other continents, especially those of the 
Southern Hemisphere, arc notably handicapped by their remote position 
in the economic world. But all the regions of this group share with 
the Mediterranean Basin the more permanent qualities of transition: 
those related to the climate and to the surface features. 

For various reasons, tlicn, the significance of the regions of Group 111 
in terms of human affairs, especially in the building of the Occidental 
culttire, is much greater than the total area of these lands would suggest. 
Of all the world’s land masses, only about 1 |>cr cent has this peculiar 
type of climate and this unique type of vegetation. Yet on this small 
area arc found today about 4 per cent of the world’s population. 

'Our concept of the sqiaratcrns of Europe, Aila, md Africa it inho-ited from classical 
andquity, when ihe three side; a( [he Mcdscerraiicart ^tood out as isharply JifTerentiaiwIj 
tiot orily phyilf^ny bui also lo the vay different cultures of die inhahitaiiti. Tlie modcrci 
roiion of Eurafib— ^af Europe as a perLin.^ul3 of Asia— wis docloped only after the world 

had been much more completely filled ouh 

m 


THE M EDITH KRANEv\N SCRUH FOREST LANDS 


The Land 

CLIMATE AND VEGETATION 

The unitjue chsjEictef of the landscapes of this group rests funda* 
mentally on the peculiarities of the climate- In the various parts of the 
world it is not unusual to find rainfall more or less evenly distributcil 
throughout the year or to find places where there is a summer maxi¬ 
mum of rainfall with a winter dry season. The outstanding peculiarity 
of the mediterranean climate is its winter rains and summer droughts. 
Lying generally on the west coasts of the continents poleward of the 
deserts, the regions of this group have a climate that is transitional 
bctw'ccn the semiarid climates and the cool, rainy climates of the higher 
middle latitudes, poleward of 40* (Plate 8). As one proceeds away 
from the deserts the amount of w'inter rain increases and the length 
of the summer dry pcriotl decreases. The typical mediterranean climate 
is divided into a hot summer with brilliant sunshine and clear blue 
skies, and a mild winter with irregular periods of rain. 

The mediterranean summers resemble those of the deserts. Near 
the arid boundary the summer drought may extend over a periotl of 
five or six months, as in Palestine; but on the poleward margins of 
the mediterranean lands the drought may be reduced to only one 
month. Typically the driest month receives no rain at all, but near the 
poleward margin a little ram may fall even in summer. Day after 
day the sky remains cloudless. The wind, which becomes quite strong 
near the water, picks up clouds of dust from the dry earth. Most parts 
of the mediterranean lands become very hot during these summer 
months; but near the ojjen oceans, where cool water bathes the coast, 
the summers arc cool and, along the California coast, foggy (Fig, 34). 

The mild winters, on the other hand, arc quite different from the 
monotonously clear summers. Tlic winter temperatures generally aver¬ 
age between 35° and 50° for the coldest month. If destructive frosts 
and snows occur now and then, they are destructive more because of 
their rarity than because of their severity. During this season the 
weather is variable; there are spells of warm, muggy, rainy weather 
with cloudy skies, followed by cool and brilliantly clear periods. 

m 
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Cold Air Masses. These varying spells of weather result from the 
passage of typical tniddlc^atitudc storms. We have already noted the 
characteristic monotony of low-latitude weather. The middle latitudes, 
in contrast, are variable in weather; so much so that the tradiuona 
term "the temperate zone” is highly misleading and has been drop pet 
by many geographers. If we recall the discussion of the major wind 
systems of the low latitudes, we rcmcmlier that over the eastern parts 
of the ocean basins about dO’ N. and S. are found the centers of great 
whirls of air of planetary proportions* Tke ciquator^vard half of each 
whirl IS marked by air moving from the east, the northeast, or the 
southeast. The prevailing wind direction in the poleward part of each 
whirl is from the west, the northwest, or die southwest. The oceanic 
whirl sweeps over the margin of the neighboring continent, and, unless 
mountains interfere, penetrates inland as far as U permitted by the 
ileflective force of the earth’s rotation. Because of the location of the 
regions of Group III bciw'een 30" and 40" both north and south of 
the equator on the western sides of the continents, the prevailing wmtl 
directions arc northwest and north in the Northern Hemisphere, and 
southwest and south in the Southern Hemisphere (Plate 26). The 
strong north winds which sweep across Greece, the Aegean &a. and 
the c.astern Mediterranean were so w-ell known to the ancients that they 
were given the name Effsiafi 

Another element of die world's climates, however, interrupts the 
oceanic whirls from time to time. From the snow or ice surfaces of 
the polar regions come surges of cold air. These cold air masses, being 
heavy lie close to the ground, and when they encounter the relatively 
warm' light air of the oceanic whirls they push under it and force it 
to rise' In this way, as the cold air masses move forward, the warm. 


.On Ui. mnp. Fig- 34. lU shawn by lin» -nJ lettw iymbok Th«* are 

,h^ cf E.C K%pcn .vsim. whicK .n App^ndu B. dr. 

Kriptioiis for «ch of *yp« of clitnatc ihown on thii map are. 

B “ Arid tir scn^iarid 

Cm = Mcd;isrra«ca/i dicnate wlh ™ld. rainy winters and hot dp- summen 
Cst = Mediicrrancan olimate .vi* mild, rainy ^intrts and t-l, dry lummer. 
Cibfi = Modiurrancan marine dimate with mild, rtmy winieri and cool, drv 
sontmers wilh frpqucnT fogi 
P = McHjncain cHmat« with cold, snowv wi nitric 
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moist oceanic air is forced to rise and cool^ thus forming clouds and 
bringing rain. The wedge of cold, dense air along which the warm air 
rises is called a front. The cold air masses arc known as polar outbursts. 
From both arctic and ancarciic regions they move out toward the nearest 
warm places. Especially strong outbursts have been known to travel all 
the way to the equator, but usually they are limited to the middle 
latitudes, and, as they move cquatorward, they are picked up in the 
stream of westerly winds and moved off eastward. 

In winter the polar outbursts arc especially strong. At this time of 
the year, therefore, they push farthest toward the equator. On the 
continental west coasts in winter cold air masses arc occasionally strong 
enough to push beyond latitude 40*, but in summer such air masses 
rarely cross latitude 40*. Between 30* and 40* on the continental west 
coasts there is a transitional type of climate which receives rain only in 
winter, but which shares the dry desert climate with the regions of 
Group I during the summer. 

The winds associated with a passing cold air mass have all been given 
local names in the Mediterranean countries of Europe. When the cold air 
pours southward through the Rhone Valley, it is known as the mistrui. 
When it pours over the mountainous border between the Danube Basin 
and the Adriatic Sea (Plate 15), it is known as the bora. Because it drops 
rapidly over the coast of Yugoslavia, it is warmed adiabatically *—the bora 
is a very dry wind that desiccates the crops and picks up clouds of dust. 

When a cold air mass pushes into the stream of the oceanic whirl 
it sets up eddies along its front- In the Northern Hemisphere these 
secondary whirls rotate m a counterclockwise direction, and in the 
Southern Hemisphere they rotate clockvvisc. Meteorologists describe 
.such a svhirling storm on the front of a cold air mass as a cydoae* 

During the passage of one of these secondary w'hirls in the Mediter¬ 
ranean Basin, the winds come from various directions. Normally, as 
the cold air mass moves southwrard, the cyclone advances toward the 

a dlifusslon of luch mctcwaJpgical prc»cc£s« see Appendix B. 

*Ncrte tliat tJicre w a dinirurDafi bem’cen the popubr nf the word "cyelwne*' lo refer 
to a very viqlcci! McH-m, luch 2^ a hiiiricanc or tofrudn, and the Technraf use, which in¬ 
clude under the term "cjtlaac” aH whirling Jtorrns. Whcti the wmd '"cvtlonc” is uicd 
withtjut modifitAtkin. it rdm m these general ^tnrnrs rhatiictcrisdc of the middle bdtiides, 
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cjwu At iiny one place, the coming of a cold air mass \$ first heralded 
by an inrcrruptioa of the prevailing north or northwest windSp The 
winds arc at first variable, and then come strongly from the south and 
southeast. The warm, dust-laden air from the Saliara is called the 
sirocco. Crossing the warm Mediterranean Sea, this air picks up large 
quantities of moisture. North of the Mediterranean, as the cold front 
approaches, cloudiness increases and usually there is rain. Where the 
air contains much dust the first showers are apt to contain large amounts 
of mud. Then, with a sudden shift of the wind to the north or north¬ 
west, the skies become clear, and bracing, cool air replaces the depress¬ 
ing air of the cyclone. Such a succession of weather types is experienced 
several times during the winter. There are similar weather types in all 
the other mediterranean regions of the world. 

Rainfall occurs as the cold front sweeps on toward lower latitudes. It 
is widespread throughout these regions, but in any case is heavier in 
mountains and hilly lands than on level lands. Wherever air is forced 
to rise, it is cooled; and eventually, if it rises far enough, the moisture 
in the air is condensed to form cloud and rain. In the dry lands, we may 
recall, rains come frequently to the mountains. In the mediterranean 
lands the higher mountains are almost always cloud-capped. Because 
the prevailing winds arc from the west, the western slopes of mountains 
and hilly uplands receive more rain titan the eastern slopes. One result 
is an abundant supply of water for irrigation in all the mediterranean 
regions of the world vvherc there arc bordering mountains. 

The Mediterranean Forest and Brush. These climatic conditions 
support a scrub forest of unique character. The mediterranean vegeta¬ 
tion may be described, at somewhat greater length, as a broadleaf ever¬ 
green sclcrophyll, scrub forest. Althougli In the different continents 
different species and even genera com^xise the forest, the appearance 
of the vegetation, resulting from its adaptation to the peculiarn.es of 
the climate, is strikingly similar in all tire regions of Group Ilf. The 
broadleaf evergreen forests of southern Europe, for example, arc com¬ 
posed mostly of various kinds of oaks (of the family Fagaccoc and 
chiefly of the genus Querem), while the similar forests of Australia 
belong to the Myrth family, of the genus Eucalyptus (Fig. 
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Fic. 35. .4 eucalyptits forest in Australia 


In all these forests, however, certain common characteristics appear^ 
The winters are not cold enough, or the summer droughts long enough, 
to enforce a perioil of rest, and as a result there is no season when the 
leaves drop from the trees and growth ceases. The sprouting of new 
leaves and the accumulation of reserves take place in the fall at ^e begin¬ 
ning of the rainy season, and the flowering and teprodiietion take place 
in the spring at the end of the rainy season. In this way the mediterra¬ 
nean vegetation differs from the selva, which is also evergreen but which 
has no seasonal rhythm. Furthermore, the seasonal rhythm of the medi¬ 
terranean forest is of a cjuite Ji0crcnt nature from that of the tropical 
scmidcciduous forests, or of the deciduous forests of the middle latitudes. 
In numerous ways this mediterranean forest adapts itself to the 
summer droughts. The individual trees arc widely spaced so that each 
may draiv supplies of water from a large area of ground. Between the 
larger trees there is a heavy growth of underbrush. On all the plants 

128 





■J Ht MtDn EKIt,VNEAN' SCKUB FOl^ST LANDS 



Ftc, J6, Bark, of the fork Oak, ^tying far ihiinntm in a foreH m 


deep taproots and a wide deveJopment of the surface root are character¬ 
istic. The woody and fibrous parts of the plants are emphasized, and the 
foliage is relatively light- The evaporation from the plants is diminished 
by a thick bark (notably in the case of the cork oak, itibcf) and 

by the nature of the leaves, which are small, thick, and stiff, with hard, 
leathery, and shiny surfaces.^ Very commonly spines and thorns are 
developed, as in other typically xerophyde vegetation types (Fig. 36>- 
In addition to the scrub forest, many parts of the mediterranean 
lands arc now covered by a low growth of bushes and shrubs, known 
in Europe as maqttis and in the western United States 3 ,s ^hitpaffsi. In 

'This char^cterisiic leaf form is described by tlie boOnKis as leletepiyll. 
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some regions this is known to be a second growth which followed the 
removal of the original forest; but m other regions it is supposed that 
the maquis itself is a native type growing in places which, for one 
reason or another, are unsuited to the forest. It is composed mostly of 
the plants which make up the undergrowth of the scrub forest: of dwarf 
or scrub oak, chestnut, and various kinds of myrtle and burcL A cover 
of this son is almost worthless, for only goats can graze on the bark and 
leaves, and the growth is too thick to permit the existence of grasses. 

An outstariding exception is California. Many of the hills and lower 
mountain slopes of this part of Group III are coverct! with grasses. 
During the dry summers this vegetation cover turns a yellowish brown, 
against which the dark green of the oaks stands out in most striking 
contrast. These grasses, however, arc all of European origin. The 
original vegetation cover was probably the chaparral or the evergreen 
forest; hut the btroJuction of foreign grasses into Mexico by the 
Spaniards was followed by a very rapid spread of these plants—so rapid, 
in fact, that they were already common in California at the time the 
first missions were established (Fig. 37). 

Bordering Vegetation Types. Most parts of this group are closely 
hemmed in by high mountains and deserts. Closely associated with 
the mediterranean vegetation, therefore, arc types which really belong 
in the mountain lands or the dry lands. While the broadleaf sclerophyll 
forest invades the lower slopes of many of the bortlering mountains, 
the higher, or wetter, slopes in many places support dense stands of 
coniferous forest. The pine and cedar forests of the mountains border¬ 
ing the Mediterranean Sea were widespread in ancient times {for ex¬ 
ample, the cedars of Lebanon), There arc similar pine forests in the 
other mediterranean regions; and in the fog belt of the California coast, 
mostly north of San Francisco, arc the stately groves of redwoods. 

Grass is found in few parts of these regions outside the United States. 
Grassy areas of small extent exist in the cloud zone high in the moun- 
tains or in the marshy lagoons along the coast. In dry pockets, also, 
steppe grasses are the characteristic type of vegetation. But although 
such areas are found in nearly all the mediterranean regions, the grasses 
are much more widespread in California than elsewhere. 
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DistributioR of the Regions of Group 111. Tlic mediterranean forest 
and the peculiar climate it rejects ore found characteristically on the 
west coasts of the continents between about 30" and 40" N. and S. 
There are five such locations in the world* The largest area borders 
the Mediterranean Sea* extending from Portugal and North Africa in 
the west, eastward to Palestine, and northward to include parts of the 
shore of the Black Sea such as the southern side of the Crimean Penin¬ 
sula, which is known as the "Soviet Riviera” (Plates 10-20), In North 
America the area included in this group lies between Los Angeles and 
the southern part of Oregon. In Middle Chile it lies between Coquimbo 
on the southern margin of the dry lands, and Concepcion on the 
northern margin of the rainy forested region of the south. There is a 
small area of this group in South Africa around Cape Town. The fifth 
locality is in Australia, W'hcrc it is divitied into a western area aroumj 
Perth and an eastern area in the neighborhood of Adelaide, 
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SURFACE FEATURES AND DRAINAGE 

Few arc the landscapes of this group which do not include either 
the mountains or the sea as a background. The mediterranean vegeta¬ 
tion covers the inuncdiaEc coast and the lower foothills of mountains 
which, in many places, rise directly from the water. Among the moun- 
tains there are numerous small and isolated valley lowlands and delta 
plains where the rivers empty into the sea. The surface features of 
Greece illustrate this complex pattern of lowlands closely hemmed in 
by mountains (Fig. 38), From the accompanying map we can under¬ 
stand the background of the growth of the many independent city- 
states of ancient Hellas, each based chiefly on its own physically distinct 
area of lowland. Most of the lands around the Mediterranean Basin 
arc of this sort: small, isolated valleys or delta plains bordered by hills 
and backed by ranges of high mountains. No really extensive areas 
of lowland exist. 

Compared with the complex arrangement of plains and mountains 
around the Mediterranean Sea, the surface features of the other parts 
of Group III seem relatively simple. In both North and South America 
(Figs, 34 and 39) ranges of high mountains lie parallel to the coast, 
and"the lowlands and hilly belts arc longitudinal In California, west 
of the Sierra Nevada, lies the broad Central Valley, drained mostly by 
the San Joaquin and Sacramento rivers. In the southern part of this 
depression lies the basin of Tulare Lake—a dry-land bolson with its 
playa. Between the central lowland and the Pacific there are several 
ranges of hills separated by n-Tirrow longitudinal valleys. Because of the 
trend of hills and lowlands in this region, which differs slightly from 
the trend of the coast, some of the longitudinal valleys open out to the 
sea,—for example, the Salinas Valley. The entrance of the sea through 
the Golden Gate into San Francisco and San Pablo bays partly drowns 
the lower parts of a numlicr of these valleys. Toward the north the 
central lowland of California is terminated by the mountains of southern 
Oregon, which extend westward to join the Klamath Mountains along 
the coast. 

In Chile (Fig. 39) there is a central valley, crossed at right angles 
by the rivers coming from the east, and separated by projecting ridges 
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of the Andes into more or less distinct basins. Between this longitudinal 
valley and the ocean is a coastal hilly belt. North of Santiago the 
longitudinal valley is pinched out by the spurs of the Andes, which 
reach westward to the coast. The southern part of the central valley, 
south of the Rio Bio-Bto, is heavily forested and is included in Group IV, 

Only in South Africa and Australia arc the bordering ranges of high 
mountains lacking (Figs. 12 and 50), Even here there are prominent 
escarpments, as in South Africa, or ranges of hills, os the Flinders 
Range, north of Adelaide. Only in southwestern Australia is an area 
of this group developed on a surface which lacks even hills. 

Relationships with the Mountains. The intimate connections be¬ 
tween these plains and the mountains close by are many, In the first 
place, the relatively heavy rains in the highlands feed numerous tor¬ 
rential streams. Even where the climate is tleficient in moisture the 
mountain pictimonts are supplied with such an ahun(.!ance of water 
from the streams that a continuous hand of irrigated land can be sup 
jjorted. Then, again, these vigcirous, youthful streams in the mountains 
accomplish a great deal of erosion. The gravels and sands wliich they 
bring i.lou'n with them to the lowlands arc piled uj> in huge alluvial 
fans along the piedmonts. Where the streams descend directly into the 
sea extensive delta plains arc formed. So great is the amount of loan! 
brought down by the rivers that the delta plains grow with retnarkablc 
rapklity. In the Mediterranean Basin delta growth is aided by a tiddess 
sea; many towns which arc known historically to have been situated 
on the ocean arc now located many miles Inland, Owing to the con¬ 
centration of the rain during the winter season, the regimen of these 
.streams shows a maximum in that season, whereas the summer is a 
(icriod of low water. However, where the streams rise high enough 
in the mountains to reach the snow fields, the maximum flow comes 
during the melting period in the spring and early sunvmcr, and con¬ 
siderable water is available in the rivers well on into the dry ^ason. 

The removal of the forests from the mountains has in many areas 
seriously changed this regimen. Forests have the eflect of retarding 
the runoff during a rain and also of delaying the melting of winter 
snows. The vegetation cover therefore makes the flow of the streams 
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more uniform. The removal of die forests causes severe floods during 
the winter and spring, and during the summer these floods arc followed 
by droughts, when the streams may become entirely dry. The original 
forest cover of most of the regions bordering the Mediterranean Sea 
has been very largely cut ofl, and this has seriously aflected the habits 
ability of the lowlands. 

The Karst Lands. The presence of a large amount of soluble lime¬ 
stone in the regions bordering the Mediterranean Sea results in the 
widespread development of i{arst landforms. The opening of caverns 
underground and the resulting disappearance of the streams from the 
surface create a landscape of more arid appearance than die climatic 
conditions alone would warrant {Fig. <40). Many of the plateaus and 
hilly uplands are of Utile value except for poor graxing for sheep and 
goats. The most habitable spots in such areas are to ^ found in the 
bottoms of the larger sinks, or ut/abs, or on the narrow delta plains 
along the coast. The prevalence of karst landscapes in the countries of 
the Mediterranean Basin distinguishes these areas from the analogous 
regions elsewhere. 

Relationships with the Sea; Types of Shores. Since all the various 
regions of this group arc on the continental margins, the character of 
their shores is a matter of great significance. The northeastern part 
of the Mediterranean Sea, with its many harbors and its clmters of 
islamls, provided an ideal setting for the early development of the art 
of navigation. Tlic diflicultics of overland connection were more than 
compensated by the case of sea travel. Without the contacts by water 
the spread of the various cultural influences from one shore to another 
around the Mediterranean Basin W'ould have been very difficult. 

Parts of the borders of the Mediterranean Sea arc shorelines of 
submergence; that is, they arc cmbayeii by a lowering of the land with 
reference to the water {Fig. 237), However, the results of submergence 
are somewhat different when there are mountain chains with axes 
parallel to the shore and when there arc chains with a.'tes at right angles 
to the shore. In the first case a number of elongated offshore islands 
are formed, but there are few projecting promontories and few deep 
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cmbavmcRts. An example of (hts type is the eastern side of the Adriatic 
Sea—the Dalmatian coast (Figs. 38 and 45). On the other hand, if the 
mountain axes are at right angles to the shore, long fingerlike ridges 
project seaward, with strings of partly submerged summits beyond 
them. Between these ridges there are deep tmbayments leading well 
inland and providing fine harbors. The Aegean Sea is Iwrdcred by- 
coasts of this sort, of which southern Greece provides an outstanding 

example. 

Most of the shores of the Mediterranean, however, are not indented. 
In some eases, as on the Rif coast of northwestern Africa or the Riviera 
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of France and Italy, the mountains rise precipitously from the water's 
edge; but in other eases the shore is low, as in much of western Italy. 
Most of these various shorelines arc shorelines of emergence (Fig. 

In any case they have been modified by the action of waves and currents. 

The borders of the mediterranean regions of other continents are 
mostly emergent. The western coast of the United States from Puget 
Sountl southward has no large harbors except for the one magnihceni 
example produced by local submergence at San Francisco. The medi¬ 
terranean coast of Chile is cniircly lacking in harbors; even at Valpa¬ 
raiso, the chief port, tile shipping must be provided with artificial 
protection behind a breakwater. Though there arc several broad em- 
baymenti near Adelaide, in Australia, the shores of these embayments 
arc straight and offer only a few harbors. Also because of the large 
tidal range on the open oceans, these analogous mediterranean regions 
do not have so many delta plains along their coasts as do the lands 
bordering the Mediterranean Sea. 

The OccHpance 

The regions which border the Mediterranean Sea have been occupied 
by relatively advanced and complex cultures for long periods of time. 
The Meiliterraneart has been called the "cradle of Western culnire," 
.and many of the traditional Western beliefs and practices can only be 
untierstood when placed against the background we have just described. 
But Western culture has been evolved from the fusion of numerous 
earlier types, with important contributions derived from many very 
different kinds of people, 

Occupancc of the Mediterranean Basin, The sctrlemcnis of the Medi¬ 
terranean Basin have gone through what appears to be a well-defined 
succession. The earliest ones were placed back from the coast, usually 
on defensible highlands, a later stage, as population increased and 
as there was increased protection from the raids of pirates, people 
descended from the hills to form towns near the agricultural lands 
on the well-watered plains. At this stage some of the town people 
ceased to interest themselves in primary production, that is, in the pro- 

138 


THE NIEDITERRANEAN’ SCRUB FOREST LANDS 

ducdon of foods or other materials from agriculture or fishing or from 
the direct use of natural resources* Instead they made a living by trad¬ 
ing, manufacturing, or transporting goods, or in politics or education, 
These scwrallcd urban activities were carried on by town people who 
became quite distinct from the people who tilled the soil or watched 
the herds of domestic animals. The towns grew in proportion to the 
size and productivity of the territory for which they performed these 
urban activities. A few of the larger ones, such as Athens and Rome, 
extended their connections by both economic and military conquest 
beyond tlte Immediate districts which gave them a start, exchanging 
commodities with distant parts of the Mediterranean Basin and even 
with such distant places as Britain and the Orient. Athens came to 
depend for its wheat supply on shipments from the plains north of the 
Black Sea Life in these communities became far more varied and 
more secure than in the earlier self-sufficient city-states. Thus were 
formed the seeds of the urban tradition which in modern times has led 
to the growth of those vast commercial and industrial metropolises 
which now perform the urban functions for the whole Occidental 

visible result of the basic difference between the commercial- 
minded Occidental society and the self-sufficient Oriental society can 
be seen by comparing Figs. 29 and 41. In the delta plain of the 
MahanaJi, in India, the numerous vilbgcs arc not accessible by road. 
Only footpaths connect each village with its bordenng ncc fields. But, 
in contrast, the plain of Florence, in Italy, b crossed by numerous roads, 
eiving each separate farm access to a market town, which, in turn, is 
connected by rail and boai line with all the commercial cities of the 

'*'°in the mosiern period the lands bordering the Mediterranean Basin 
are on the whole, densely populated. The distribution of people, how¬ 
ever, is very si>otiy. In Italy, for example, the population is concentrated 
on the coastal and river plains which arc not too marshy, whereas the 
hilly and mountainous areas have fewer inhabitants (Plates 4 and IS). 
The plain on which Naples b located has the densest agricultural 
population in Europe, estimated at about 2000 people per square mile 
While this is extreme, many of the delta plains have populations of 

B9 


A GEOGRAPHY OF MAN 



Fio. Al. Ti^pographic datatl of dtt$sciy popul^ii^tl iignaihurnf loa/iand _ a 

portion of lAc plain of Fhfi^n^c^ {Adaplcd from O. Marincni, Atiantr dri 
Tipi Geogfaficif Firenze^ 1922) 


200 or 300 {wople per square rtiilC) and several in Italy have more than 
500. Compared with the population densities of the rice lands of the 
Orient, these densities arc not excessive, but for agricultural lands based 
on other crops than rice such population densities arc close to the limits 
of subsistence. 

Agriculture. The agriculture which forms the basis of settlement 
has consisted since ancient times of a unique combination of crops. The 
tree crops include figs, olives, peaches, plums, almonds, and citrus fruits 
such as lemons and oranges. Few are the regions of this group which 
ilo not produce the vine. Tlie grain crops include barley and wheat*, 
the latter is thought to have originated in the eastern Mediterranean. 
A great variety of vegetables and flowers arc raised where access to a 
market can be had. Though many of these crops arc produced outside 
the regions of Group 111, the combination is peculiar to this group alone. 

Under the prevailing climatic conditions of summer drought, irriga¬ 
tion is a necessity in places where more than a scantv population is to 
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ciditi The abundaiit watcf supply in ihc mountain streams makes 
iriigation much more depentlablc than in the dry lands. Irrigation 
systems in the Mediterranean Basin date back to the earliest times. 
Many of the icgcntlary heroes o£ Greece and Rome, such as Cadmus 
and Hercules, were hydraulic engineers whose fame rested on their 
control of rivers. The drainage of lakes, the clamming of streams, and 
the construction of canals to carry the water great distances were all 
accomplished by the ancients. Roman aqueducts carrying water hun¬ 
dreds of miles from the mountain sources to the agricultural plains or 
the urban centers have been continuously in use now for many centuries. 

The kind of crops irrigated depends on the rainfall; for near the 
desert margins the vines, olives, and figs must be watered, whereas in 
the areas with more abundant rains these crops arc pLiccd on the hill 
slopes, and only the plums, almonds, citrus fruits, and summer-planted 
crops are irrigated. Wheat commonly occupies the lowlands during the 
winter season, and is followed during the summer by irrig.ited alfalfa 
or by vegetables and flowers. Vegetables and flowers seem to have been 
important in early times; the former made up an Important part of the 
diet of the ancient Greeks and Romans, and flow'crs vrcrc used at all 
the games and ceremonies and, with olive oil, in the manufacture of 
perfumes. The year-round productivity of flic land flius made possible 
by irrigation greatly increased the numlrer of people w-ho could be 
supported in an area, and yielded an agricultural surplus which in turn 
provided the economic basis for a non agricultural urban popularion 
living by trade and manufacture, 

A large part of ilie Mediterranean area, however, cannot be irri¬ 
gated; for example, the slopes of hills, high terraces, or plains too far 
from the sources of water. In the deserts such lands arc lost to cultiva¬ 
tion, but in the regions of Group III winter crops or perennial crops 
can he raised by dry-farming methods, Even in ancient times the 
imlrrigatetl crops played a very important prt in the agricultural 
scheme, many hill slopes having been terraced for vineyards or covered 
with orchards of olives and figs (Fig- 42). 

Generally an advance in the methods of living in an area, far from 
emancipating man from his physical surroundings, makes closer and 
closer adjustment to those surroundings necessary. For example, the 
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name garJetis o£ the tropical forciE lands, with their mixed crops, are 
located not on any one type of soil nor any one typer of surface, but on 
a variety of areas wherever they can be reached easily from a village. 
Only a general and rudimentary adjustment can be observed between 
the patterns of setdement and the gross features of the land. The 
contrast w'itJi the densely populated rice lands is very great, for here 
population and settlement patterns correspond closely to the areas most 

suitable for the production of rice. 

In the Mediterranean Basin the cukurc includes the production of 
a greater variety of crops, and consequently the adjustments are more 
intricate. Outside the irrigated tracts the areas of superior soil are gen¬ 
erally planted to wheat year after year. The rich alluvial lands of the 
valleys, terraces, and deltas which are not irrigated, or those especially 
fertile soils produced by the weathering of old lava flows (which in 
this part of the world contain minerals to produce an exceptionally 
fertile soil), arc the most favorable sites for wheat. Dry-farmlng 
methods have been applied here since ancient times. The crop b 
planted in the fall after the first rains have moistened the soil, and h 
harvested the following June during the hot, dry weather of that season, 
which is so favorable for the best ripening and cutting of wheat. During 
the summer months the fields lie fallow-not untouched, but plowcil 
and frequently harrowed to keep the surface layer so pulverized that 

every bit of moisture is preserved. 

A very large proportion of the Metlitcrrancan Basin, even of the 
lowlands, is composed of sandy and gravelly soils which are too porous 
to support irrigation. These are used for the production of barley and 
various legumes. The large barley acreage of the Mediterranesm coun 
tries is evidence of the poor quality of much of the soil. 

The vineyards and orchards arc gciterally located on the hill slopes 
or alluvial fans, the vineyards occupying the best lands. Because of 
the high yields per acre of the vine, and especially because of the great 
value of the wific manufactured from this crop, a very intensive form 
of cultivation can be supported. The vineyards are generally on ter- 
raced slopes, and the soil is plowed, harrowed, and manured many 
times during the year. In the drier and hotter sections the vines arc 
laid on the ground, sometimes in pits about ten inches deep, so that 
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cva|Mration bjf the high summer wmtls is reduced. Only in the ctxiler. 
rainier sections arc the vines raised on trellises or festooned in the 
branches of trees* The fox in Aesop's fable, living on the Aegean shores 
of A^a Minor, $uq>rised and greatly annoyiil to find the grapes 
hanging beyond his reach, for he was accustomed to fintling the luscious 
bunches lying on the ground (Fig, 43), 

The vineyards are also usually placed on the southern sides of the 
hills, where exposure to the sun produces a superior flavor in the fruit 
However, this is not a universal practice, for in some of the drier 
sections the northern exposure is preferred in order to avoid the very 
high evaporation during the sunny days in summer. In tlic regions 
poleward of this group, where late spring frosts may do great damage 
to the buds, the placing of vineyards and orchards on the northern 
dopes or near large water bodies is usual, in order to delay the blossom* 
ing until after the danger of frost i$ passed. 
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Ojchaids of olives and figs occupy the less favorable hilly and alluvial 
sites. Both olive and fig trees are native members of the broadleaf ever¬ 
green forest and arc well adjusted to existence on the dry, rocky hillsides 
w'ith only a thin soil mantle/ 

Pasture T .finfl^- In a region of such intensive agricultural occupancc 
there is little room left for the pasturage of domestic animals. However, 
two kinils of sites, being unsuited to agriculture, are available for pas¬ 
ture. Tlie first of these is found in the poorly drained, marshy areas 
of the lowlands,—just the places which peoples of an Oriental culture 
would have seized most eagerly for rice protluctlon. Marshes arc found 
on the lower parts of delta plains or alluvial fans, on the wet spots in 
the centers of the sink depressions of karst areas, or in the lagoons back 
of the sand bars along the low coasts. In all such places a rich growth 
of grasses is available at all times of the year. The very small area of 
such sites in lands so densely populated leads to an intensive use. Dairy 
cattle—very uncommon in the regions of this group—are found char- 
acterisiic.illy In these rare places. An outstanding example of this de¬ 
velopment is the important modern dairy district of the Maremma 
coast of Tuscany, near Grosseto {Fig. 44). 

Another of diesc ntcdiicrranean pasture sites is found in the neigh¬ 
boring liigh mountains, where temperatures arc too cool for the olives 
and figs or where the slopes are too steep. Sheep and goats are the 
animals most commonly foutui in such places, and these are generally 
driven up into the mountains during the summer and brought tlown 
.again to the lowlands for the winter season. This characteristic use of 
mountain areas will be discussed more fully in the chapter on moun- 
tabs (Group VIll). In the hilly parts of the Mediterranean region, 
especially b drier areas, during centuries of human scttiemcni the over- 
grazing of forested or brush-covered surfaces by sheep anti goats has 
killed off the original vegetation cover and exposed the land to serious 
erosion. Erosion of this sort not only destroys land which might be 
used for grazing or even for orchards and vineyards, but also mcrcases 
the Hoods and lengthens the periods of low water in the streams tlrain- 

’S«, however, the docTiptjon of the intensively utilbed agricultuni! land in the 
H^lwric Islands in I, Brunhe*. Httman GrograpAy {Chicago, W3(l). pp. 500-5U. 
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Fit?* 44, A pGriioa of the Maremrtia coost of Tuscttay—a bar and lagoon eomt. 
(From O. Marmclli, Atlante dci Tipi Geografici, Firenxc, 1^22) 


ing to the bordering lowknds. Many parts of these regions have been 
seriously alTccted by soil erosion so that the number of people that can 
be supported in them has been considerably decreased since ancient 
times. The hilly land of Palestine is a noteworthy example. Only at 
great cost can the Jewish and Arab farmers rebuild the land- 

The Use of the Sea. For various reasons the inhabitants of these 
lands turn to the sea. The many harbors and islands of the Aegean 
formed, as wc have said, the cradle of ancient navigation. Then, not 
only did the growing population on the small plains around the Medi¬ 
terranean Sea cause a rise of oversea trade, but also the abundance of 
fish provided a very important supplement to the agricultural products. 
Since ancient times, therefore, the Mediterranean peoples have made 
use of the sea as a highway and as a source of food, 
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The Populadon Problem of luJy. Italy as a whole is one of the 
countries of Europe which faces a serious population problem. Its popu¬ 
lation in 19^ w'os about 44^00,000; but by 1970 it is estimated that the 
total number will have risen almost to 50,000,000. Not ail of Italy is 
within the area of Group IlL The Po Valley is a region of adequate 
rainfall lying wholly in Group IV; north of that region Italy includes 
also certain areas of high mountains. In northern Italy arc the large 
cities and industrial populations where large-scale manufacturing and 
commerce have widened the economic horizons and raised the general 
standard of living. The rest of Italy, how-ever, remains largely agri¬ 
cultural, and it is in this area that the problem of population is most 
acute. 

The fact is that southern Italy is occupied by too many people; too 
many, that is, so long as the economy is essentially rural. The average 
farmer works on a farm which is too small to provide his family with 
more than a meager living. Because it is so small, and often tiivided 
into separate parcels of land in different locations, he cannot accumulate 
any surplus capital with which to buy machinery or with which to 
improve the yield per acre of his land. Much of the good land, more¬ 
over, is in large private estates, where commercial crops arc raised by 
tenant workers. Projects for breaking up large estates or for drainiitg 
previously unused marshlands have not provided new farms at a fast 
enough rate to keep pace with the growing number of farmers. The 
result is widespread poverty and unrest. The Fascist regime used popu¬ 
lation pressure as an excuse for territorial conquest, yet the fact remains 
that Italy s former colonics could never have provided an outlet for 
Increasing numbers of people. Libya, as we have seen, is not suitable 
for any large number of new settlers; and Ethiopia, because it is moun¬ 
tainous and already occupied, could scarcely offer an outlet for any 
large numbers. Also, Italy’s experience, when millions of Italians emi¬ 
grated to the Americas, between 1890 and 1914, was that the total 
population at home was not reduced. 

The only program for Italy which offers much hope is to extend the 
development of industries into the southern part of the country. Manu¬ 
facturing industries could provide employment and, at the least, an 
improvement In li'i'ing conditions for the large number of rural people 
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now condenoncd to hopeless poverty. Bur even the development of 
manufacturing will be able to bring only temporary relief unless the 
rate of population increase is lowered, as, indeed, it has already been 
low'cred in the urban centers of the Po Valley. 
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The Palestine Problem. Palestine is on the dr^’^land margin. Most 
of the country lies within arid regions which are suitable only for a 
scanty population of herders, or for oasis people clustered at the few 
sources of water. The part of Palestine which attracts international 
attention is the part where Jewish colonists have been established in 
the midst of large Arab majorities. This part of Palestine, along tlic 
Metliterranean coast and extentling inlaml to the hills beyond the Jordajt 
Valley, is one of the marginal, drier parts of Group III. It is generally 
deficient in rainfall, but what rain it receives comes during tile winter 
months. Moreover, it has no source of water for a large increase of the 
irrigated area. The Jordan is relatively small and hows for much of its 
course through a narrow gorge. The development of irrigation in this 
part of Palestine woukl be very expensive. Add to all these physical 
handicaps the fact that much of the hilly country', which might be 
suitable for orchards or vineyards, has been destroyed by overgrazing, 
and one gets a clear picture of a land poorly suited to agricultural 
settlement (Fig- ^6). 

Yet Palestine remains the "promised land” for the harried Jews of 
Europe, In the ceremonial language of the Jewish religion the Jewish 
people have told themselves for centuries that they should return to 
fcnisalcm. But Palestine has belongetl to the Arabs for thousands of 
years and is one of the more densely populated parts of the Moslem 
world. And Palestine occupies a highly strategic position with respect 
to the Suez Canal and the "Ufe line” of die British Commonwealth. 
The situation is charged with religious and political tensions, so great 
that a calm discussion of the economic realities is almost impossible. 

The population density in the settled portion of Palestine is already 
high. In 1940 it w'as w-cU over JOO persons per square mile. Further¬ 
more, a large pro[iortion of its population is young, so that a high rate 
of increase, even without any more immigrants,can be expected. Within 
Palestine there is a tendency toward the internal rcarrangeraent of 
people: a movement, including a1! elements of the population (Moslem, 
Jewish, and Christian), away from the poorer areas and toward the 
centers of enlarged economic opportunity. These centers are the new 
Jewish cities, especially Tel-Aviv, The total population in 1940, exclud¬ 
ing the desert area, was estimated to be 1,478,000, of whom about 60 per 
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cent were Mtyslcms, about 31 pci cent were Jews. It is estimated 
that by 1970, without further immigration, the population will be about 
3,000,000, of which about 63 per cent will be Moslem and 29 per cent 
will be Jewish, 

There is, of course, no limit to the population that can be supported 
in this region if the costs are met by outside assistance. Analysed in 
terms of a process of settlement which forms its own workable economy, 
however, it is obvious that Palestine cannot depcntl on farming alone. 
Here, as in Italy, manufacturing industries must be developed, and 
international commerce must be built to support them. Because of the 
nature of the local resources, raw materials must be imported, and the 
products must be exported to distant markets. Entirely new currents 
of international commerce must be built up where no such currents 
exist today. There is no insuperable reason why such commerce may 
not be established provided suBictent capital is available; but such an 
industrialized Palestine could scarcely survive in a svorld of restricted 
international trade or in a world at war, for its urban population would 
be largely dependent on imported supplies of basic necessities. 

Occupance of the North American Regions. The analogous regions 
of Group III in other parts of the world have certain elements of re¬ 
markable similarity to these ancient Mediterranean lands, but there are 
also certain essential differences. The striking resemblance of most of 
the widely scattered parts of this group as regards physical bac kground 
has been the subject of much comment, although the bare white lime¬ 
stone surfaces of the Old World karst lands have no counterparts in the 
other areas of Group 111. The greatest rfiflercnccs, perhaps, arc in the 
forms of the occupance. In the first place the North American region.^ 
and, especialW} the Southern Hemisphere regions arc relatively remote 
and isolated. As a result the settlement is neither so dense nor so inti¬ 
mately adjusted to the land as in the Old World. The Mediterranean 
countries carry the record of long periods of occupance; in contrast 
some of the analogous regions exhibit the most modern phases of Occi¬ 
dental occupance, unencumbered by the relict forms of previous settle¬ 
ment. The native inhabitants of these other parts of Croup III possessed 
simple, primitive cultures, with none of what we think of as rhe char- 
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acteriscic mcditerraneiUi crops or techniques. They maintained a poor 
e?[istence in a land which provided them with only meager resources, 
and colonization by Europeans or Americans almost entirely eliminated 
their traces. 

The first European ^nctration of California came in the larc 
eighteenth century. The first pioneers were the missionaries who estab¬ 
lished mission stations along the route from the centers of Spanish 
settlement in Mexico northward along the Pacific coast as far as San 
Francisco (Fig. M). At the missions the scanty Indian population 
was gathered together, taught Christianity, and instructed in the 
methods of agriculture. The crops introduced were those already well 
known to the Spaniards: wheat, barley, figs, olives, and the vine. Cattle 
were also introduced, and the Indians were taught to care for tlomesttc 
animals. With the establishment of Mexico’s independence and the 
removal of the mission system during the first quarter of the nine¬ 
teenth century, the practice of agriculture in California declined. The 
land was given in large tracts to colonists from Mexico, but the only 
use to which it could be put with pnifit was cattle-ranching; the chief 
products were hides, tallow, and salt beef. When the gold rush began 
shortly aftei the whole area was annexed by the United States, the 
incoming fiooil of new settlers could not find enough local supplies of 
food to maintain themselves. 

The period since the midiile of the last century has been marked by 
a scries of forms of land use, each motivated by the search for specula¬ 
tive profits. Each speculative development was applied to a different 
part of the land, and, once established, has been continued even after 
speculative profits could no longer be made. Between I86f) and ]870 
wheat farming was started on large areas, chiefly in the Central Valley 
and mostly unirrigated. Between IS70 and lH.4o (here was a big de¬ 
velopment of sheep-herding with wool as the commercial prtJiuct. 
Between ISfiO ami 1890 vast areas were Uid out for fruit orchards and 
vineyards. The decade 1890-1900 saw the beginnings of the use of 
California's pasture lands for dairy cattle. More recently many small 
localities have come to specialize in the proiluction of certain vegetables 
to be sold not only in the cities of the west coast, but also in the east 
(Fig. 47), 
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Fig. 47 . ^^irry j&r Ofl a Ctrrtirai V ailcy farm 


As tlicsc developments appeared one after the othcr^ there was a 
steady increase in the use of water for summer irrigation. At first the 
winter mnofi was pcntiittcJ to escape through the rivers to the sea. 
But now it is widely recognized that a more efficient use of water is 
needed^ that there must be dams and resers'Oirs to store the winter ratn< 
and a co-ordinated system of canals to spread this water over the low- 
land farms In the summer. The Central Vailcy project, now in process 
of development, will greatly iticrcasc the supply of «'ater for use in 
summer, and will add both new areas of summer crop and a greater 
volume of production of such crops from older areas. 

The present agricultural localizations in California are notably dis¬ 
tinct. Where conditions of climate, soil, or water supply are cspcially 
favorable for a certain crop, the result^in an economy of relatively 
unrestricted trade and low-cost transportation—is a concentration of 
production in the best-suited areas. Today citrus groves cover the irri¬ 
gated alluvial fans around the border of the Los Angeles lowland 
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(Fig 48), Vineyards are found along the alluvial fans of the Sierra 
Nevada from Fresno northward, and in valleys of the coastal region 
north of San Francisco. From the Santa Ck^ Valley, south of San 
Francisco Bay, comes a large part of the world’s supply of prunes. 
Almost all the lima beans of the United States are grown without 
irrigation in the belt of light fogs along the coast (this is to the south 
of the area noted on Figure 34 as having almost continuous summer 
fogs, Csbn). In addition, there arc areas devoted to barley, which has 
now greatly surpassed wheat in this region; to rice, chiefly in the lower 
part of the Central Valley between Sacramento and Stockton; and to 
sugar beets and cotton. 

In California there is no such problem of overpopulation as compH- 
cates the process of settlement in parts of the Old World. The rural pop- 
ulatton of California is densest in the lowland east of Los Angeles. Here 
the figure Is between 75 and 100 per square mile. Over most of the Cen^ 
tra! Valley, except for the section between Stockton and Sacramento the 
density is less than 25 per square mile. In the San Francisco Bay region 
It IS between 25 and 50 per square mile, Los Angeles and San Francisco 
are among the large commercial and industrial dries of the United 
States. Especially in the cities around San Francisco Bay there has been 
a considerable development of manufacturing industry (Fig. 49). 

Occupance of the Southern HemUphere Regions, in many ways the 
part of Chile between Valparaiso and Concepcidn is remarkably similar 
to California The arrangement of its surface features (Fig. 39) recalls 
the essential lineaments of its North American counterpart. But Middle 
Chile has had a very differem kind of occupancc. There the land was 
ilivided early in the colonial perioti into vast private estates, and this 
form of land tenure persists to the present time. Furthermore, Chile 
has never had access to a large market in which it could disuse of 
surplus agricultural production in exchange for other things As a 
result there arc fewer agricultural localizations in Chile than in Cali 
fornia, Tlic chief use of the land is for pasture, or for the raisinK of 
feed crops such as alfalfa. The chief iood grain Is wheat. There are 
also consklerable acreages of vineyards, olives, and other mediterranean 
fruits. But much the same combination of crops is repeated on each 
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estate. The better lands of the valley bottom arc used for alfalfa and 
the poorer lands for wheat—a reflection of the predominant interest 
of the Chilean landowners in stock-raising; vineyards arc on the slopes 
of the alluvial fans or on wetter hillsides; the bordering hills and moun¬ 
tains are mostly used only for summer pasture. The density of rural 
population in this pan of Middle Chile is generally higher than that 
of comparable parts of California, In the vicinity of Santiago there arc 
over 400 people per square mile. Poverty among the people who do 
the agriculmral work Is widespread. 
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Typical mcJitcrrancan agriculture has made its ap^arance in only 
a small area of South Africa and AustraUa. In the region of Group III 
around Cape Town (Plate 14 and Fig. 12) are found the usual crop 
combinations. In Australia, settlement is stUl in an early stage. Around 
Adelaide, and inland from Perth (Plate 20 and Fig. 50), pioneer 
colonists arc engaged in clearing the broadleaf evergreen forest and 
maquis and laying out new farms. The chief pioneer crop is wheat. 


Condtision 

Stages of Settlement. It is possible, now, to recognize certain rather 
distinct stages in the settlement of an area by people of Western culture. 
The pioneer stage is characterized by a scattered or patchy distribution 
of settlements in the midst of undeveloped lands. Usually these first 
clearings (if they are in a forest) are governed m their location and 
arrangement by the case of access to a main artery of travel. The first 
settlements in Rhodesia, in southeastern Brazil, or In southwestern 
Australia furnish examples of this pattern of arrangement. As settle^ 
ment progresses and more people come into an area, the skeleton, so 
closely articulated to the main lines of travel, is filled in, and numerous 
branch lines (roads or railroads) link these new settlements with the 
main arteries. This may be called the stage of elaboration, when the 
outline of settlement is filled in and begins to show a clo«r and closer 
relationship to the underlying qualities of the land. Thus, in the pioneer 
stage, whatever governs the position of the highway also governs the 
general arrangement of the scttlcmcnts| but during the stage of elabora- 
fion the occupance tends first to adjust itself to the more conspicuous 
features of the terrain. As seitlemcnt continues and transportation is 
made easier, there is more and more of a tendency coward concentration 
on the best lands, and, moreover, toward the intimate adjustment of 
the various forms of land use to the va^g qualldcs of the sites. Ad- 
iusitnent becomes nicer and more detailed; each significant change in 
the character of the soil, the surface, the drainage, or any other feature 
of the land is refiected by a change in the way that land is used. This 
may be called the climax of settlement, and is well illustrated by many 
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of the more densely populated regions of the Mediterranean Basm. 
Here, even in ancient times, each crop had its own peculiaf type of site, 
and even the wet marshes of the coastal lagoons were utilised as mten- 
sively as possible. 

There is, of course, nothing inevitable about such a sequence of 
stages. In some eases areas may stagnate almost indefinitely in the stage 
of elaboration. In others a region may advance rapidly from a pioneer 
stage to the dcs'clopment of a number of small areas of climax, such as 
the intimately adjusted Fresno raisin district in the midst of a territory 
where the settlement pattern is still far back in the process of clabora' 
tion. In still others, which have reached a climax, events may cause 
retrogression. Wars, conquests, epidemics, inventions, political changes, 
the Imposition of tariff barriers, or the development of new currents 
of trade may cause the decline of an area which had once reached a 
climax. 

There are many examples of decline from an earlier climax in the 
regions which border the Mediterranean Sea. In the course of the 
centuries since the flowering of the cultures in this area, the traditions 
so carefully nurtured were for a time lost to sight, preserved In Isolated 
monasteries or in the writings of Arab scholars. Many hundreds of 
years later these concepts and techniques were rediscovered and, in the 
hands of a different people, led with cumulative force to the develop* 
ment of the machine culture as we know it today. The focus of the 
Occidental world is no longer on the Mediterranean Basin: the nuclear 
areas of Western culture are now in the mixed forest lands, on the 
borders of the North Sea in Europe, and on the Atlantic coast of north¬ 
eastern United States. 
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Nearly iwo fifths of the world’s population lives in the mid-latitude 
mixed forest lands. The concentration of people in the regions of 
Group IVj which together comprise only 7 per cent of the world's land 
area, is one of the most striking facts of world geography. Further¬ 
more, within these lands are found the centers of two of the world's 
chief cultures—the Qricnial and the Occidental The industrial society, 
one of the major divisions of Occidental culture, had its beginnings 
around the shores of the North Sea in Europe and its greatest develop¬ 
ment in the eastern part of North America, The Chinese branch of 
Oriental culture had its origins in the middle valley of the Hwang, and 
spreail into the once forested regions of the Yangtze and southeast 
China. Today the population of these regions, and of their Southern 
Hemisphere counterparts, includes 39 per cent of mankind. 

The fundamental reasons for the distribution of people have been 
debated since man first became conscious of his place in the world. The 
writers of ancient Greece first presumed die argument for climatic 
control: dial the torrid lands to the south were too hoi and the frigid 
lands to the north were too cold for civilized men to inhabit. Since 
that time, however, the centers of Western culture have moved north¬ 
ward into those regions which the ancient Greeks considered lit only 
for barbarians, and the climatic argument has been suitably revised. 
A vcr> great deal of semi-popular writiiig on the question of racial 
qualities and distribution has served to obscure rather than to illuminate 
the facts. Theories as to the close iiepcndencc of man’s civilizations on 
climatic stimulus, on the superior qualities of certain races, or on other 
single factors have been presented, perhaps with too little regard for 
comradictory evidence. Actually the explanation of the present distri¬ 
bution of people in the world is extremely complex and requires an 
understanding of a variety of factors. So complex are the forces at 
work in human societv that adequate data to measure them arc not 
available, and a diKU^ion of the whole broad problem on a world 
level requires frequent excursions into the realm of assumptions, hy- 
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potheics, and plausible but unproved suggesdons. Such excursions can 
be stimulating and proBtable^ but not necessarily successful in reaching 
anything like complete understanding.^ 

Basic Factors, An understanding of human life in its relation to the 
earth must be based on a study of the interaction of three basic factors 
or conditions. These arc the biological inheritance, the physical en¬ 
vironment, and the culture. The explanation of the arrangement of 
people on the earth involves all three. 

Biological inheritance is, perhaps, the factor concerning which there 
is the largest volume of speculation and the least volume of proved data. 
A univers.al characteristic of mankind is that each self-conscious human 
group or society has explained its pre-eminence on the basis of racial su¬ 
periority. The great Christian principle that all men arc brothers has never 
been given wide popular support, even among Christians. The fact that 
this principle expresses what scientists are step by step proving to be a funda¬ 
mental truth does not alter the fact that the belief in racial superiority has 
been a basic motivation throughout the long course of human liistory. 

Anthropologists have not yet agreed on the criteria by which the 
races of mankind might be distinguislied. They are agreed that the 
popular division of man into races based on skin color is unimportant. 
The fact is that skin color is only one superficial item, and it can be 
demonstrated that no special group of traits or characteristics is uni¬ 
versally associated with particular shades of color. Attempts to classify 
races by head shape also fail to produce clearly defined groups of 
associated traits. In other words, there are all kinds of people in what¬ 
ever racial group can be defined. Tlicre are no "pure” races; all man¬ 
kind is mongrel It might even "be more illumin.-iting to divide man¬ 
kind into short and fat types and tall and thin types than into people 
of difierent colors or hcasl shapes. 

But this docs not mean that biological inheritance is of no signifi- 
cancc. It only means that the methods used to classify and measure 
such inheritance have not yet been successfully developed. There is 
no doubt that certain human groups show a preponderance of special 
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characteristics. It sccms likely that groups with marked characteristics 
which distinguish them from other people arc developed in the course 
of migration or hardship, through the mechanism of the selection of 
individuals possessing these diaracteristics. For example, during the 
many years of the colonization of North America by Europeans there 
was a process of selection at work—-a selection of those people who had 
the physical arid mental qualities that would lead them to give up 
familiar ways of living to try something new or w'hich would permit 
them to flee from problems they could not solve at home with the hope 
that somewhere else it would be easier. Such a process of selection is 
not a simple thing and has never been carefully described or measured; 
but that it has been operative cannot be denied. Its significance in de¬ 
termining the attitudes and objectives of the American people cannot 
be evaluated, but it can be recognized- 

The physical environment, on the other hand, can be tiescribed and 
measured w'ith considerable accuracy. To be sure, the evaluation of its 
significance in terms of human action cannot be made until the other 
basic factors can be weighed in the same scales. But that the earth 
conditions which w'c include in the term "the land” arc important in 
an understanding of the arrangement of people in the world must not 
be overlooked. The physical environment docs not appear to be a posi¬ 
tive force, impelling certain kinds of dcs'clopment among human 
societies and denying other kinds. Rather it remains neutral and in¬ 
different so far as human problems are concerned. Human societies 
must adjust to the qualities of the land they occupy, but the mctlioti of 
adjustnrent is determined by forces within the society, biological and 
cultural. At the extremes there arc lands too dry, or too wet, or too 
cold for human settkmem: but the limits which define such areas 
arc. as we have seen, flexible ones- The physical conditions which arc 
critical in determining the distribution of any one human society are 
made critical by the attitutlcs, objectives, and technical abilities of the 
people themselves. In other words, the significance of the elements 
of the land is determined by the culture of die people. 

Human culture is another basic factor which docs not lend itself to 
exact measurement or definition. Yet the methods of describing culture 
and analyzing its significance have been developed far beyond the 
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point reached m the naluauon of the biological inheritance of man. 
When we focus attention not on mankind as a whole but on specific 
human groups, the importance of the traditional ways of living—the 
systems of values, the religious beliefs, the customary ways of securing 
food, clothing, and shelter, the familiar diet, and the sum total of 
technical knowledge—these qualities of the culture are fundamental 
to an understanding of why people react to a certain physical environ¬ 
ment the way they do. As we pointed out in the introduction to this 
book, conservatism, resistance to change, and die maintenance of old, 
established ways arc more descriptive of each human civilization than 
arc progress, change, and evolution. Change usually takes place sml- 
dcnly, either by conquest from outside, or by some spectacular develop¬ 
ment withiit the culture. Each change ushers in a new period of sequent 
occupance in a region, and the new patterns of human life are super¬ 
imposed on the older patterns—the features of the physical land take 
on a new significance in terms of human habitability. 

The distribution of mankind in the world is the result of the inter¬ 
play of all these basic factors. It is believed that the human race had 
its licginnings somewhere in central Asia, near the place where the 
worlds mountain systems arc joined togetherj and from this heartland 
mankind has migrated in three directions along the three land arms. 
But the details of this movement are lost in the obscurity of the ages 
before the beginning of written history. At the beginning of the period 
for wliich we have documentary evidence of human events, man was 
spread over the earth—he had reached the farthest end of the three 
land peninsulas. His earliest civilizations appeare<l in diverse places; 
In the valleys of exotic rivers such as the Tigris-Euphrates, the Nile, 
and the Indus; in well-watered valleys such as the Wei in China; in 
what is now a tropical low'land in southern Mexico and Guatemala; 
and in the high basins of the Andes in Peru and Bolivia. The con¬ 
centration of people in the forests of the middle latitudes did not make 
Its appearance until recently in human history. In China, to be sure, 
the clearing of the forest took place many thousands of years ago. Bur 
the clearing of the forest In Europe has taken place largely since the 
eleventh century Aj>.;and the settlement of the North American mixed 
forest regions is much more recent. 
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The climatic features shared In common by all the regions of Group 
IV are those of adequate but not excessive moismrcj moderate tem¬ 
perature, and weather variability. From the point of view of the kind 
of farming practiced by Europeans, these lands have definite advan¬ 
tages over other parts of the w'orld. The land offers difficulties to the 
establishment of dense populations where it is too dry, or too wet, or 
too cold; in the regions of Group IV none of these extremes is 
encountered. 

Rut there is more to the story of man s concentration in these regions 
than simply adjustment to physical suitability for one kind of farming. 
The fact is that the one basic cause of human migration is the search 
for greater economic opportunity. The largest movements of people 
in the modern world take place toward regions where the chances of 
making a better living arc greatest. The existence of an area of larger 
economic opportunity is determined not by climate alone, nor by the 
total quality of the land, but by people with peculiar biological in¬ 
heritance and cultural tradition. The industrial society in recent Umes 
has offered such opportunities on a scale never before experienced, and 
to the centers of this society have come larger and larger numbers of 
people. That these centers arc in an area suitable for mixed farming 
may be irrelevant. The greatest movement of people in history, the 
scttlemcrtt of North America, was directed to an area where a people in 
process of developing the industrial way of living were also engaged 
in the process of occupying and exploiting lands essentially empty of 
previous inhabitants and remarkably well-endowed with the kinds 
of resources demanded by the new society. The present distribution of 
people; then, is a result of complex movements and forces, many of 
which'arc still not fully understood- Our study of the causes of popu¬ 
lation distribution will raise more problems than the social sciences, 
at their present stage, can answer. 

Nevcrtlielcss, the arrangement of people on the land is of funda¬ 
mental significance ui connection with the great economic, political, 
and social problems of our time. It is essential to describe the known 
relationships and to point out the meaning of the differences from place 
to place. And since esery human society must form w'orkable connec- 
fions with the land, even if the land is not a positive force in deter- 
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mining what those connections are to be, it is essential to describe the 
di/ferent kinds of land and to understand the size, shape, and position 
of each as a part of the world pattern. 


The I^nd 

VEGETATION AND CLIMATE 

The position cf tlie middatitude mixed forest lands in the world 
pattern is best understood by considering the world as a wJiole, whicii 
we arc now ready to do. We find that there are four major kinds of 
vegetation; forests, grasslands, deserts, and tundras. Between these 
major kinds lies a variety of transitions. In fact, the major types them¬ 
selves represent transition, on the one hand from the very dry lands, 
w'hcre only xerophytic vegetation can maintain a precarious existence, 
to the rainy lands wliere luxuriant forests cover the earth’s surface; and 
on the otJicr hand from the hot regions of the low latitudes to the cold 
tundras and ice deserts of the high latitudes or the high altitudes. 

The pattern of arrangement of these major kinds of vegetation on 
the earth is a reflection of the underlying pattern of climatic features. 
As we have seen in the previous discussion of the first three groups, each 
occupies a cJiaracteristic position on each continent. The general dis¬ 
tribution of deserts, for example, has been described as follows: they 
are found on the west coasts of all the continents between 20* and 30* 
N. and S., and they bend inland and poleward in the continental in¬ 
teriors to about latitude 55*. In specific detail on each continent the 
arrangement of the dry lands is somewhat different; for the general 
description of the desert location takes into account only four of the 
controls of climate, namely latitude, differences of land and water, pre¬ 
vailing winds, and ocean currents. It leaves out the complicating details 
resulting from specific continental shape and from the arrangement of 
mountains. These two elements force the generalized pattern of dry¬ 
land distribution bto the particular pattern to be observed on each 
continent. But however distortctl the particular pattern, it is obviously 
similar in broad outline to the generalized pattern. 
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On Fig. 51 a generalized continent is s!iown, bordered on all sides 
by ocean. The outline of the continent is smoothed, but it preserves 
the general shape of all the land masses in that it is widest in higher 
middle latitudes of the Northern Hemisphere and tapers toward the 
.south. Except for Antarctica, which is wholly within the south polar 
desert the continent which extends farthest south reaches about ]ati* 
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tudc 55°; therefore the generalized continent is drawn to this latitude. 
On this outline the broad patterns of u-orld distribution can be shown. 

We can observe the relative position on the continents of the major 
kinds of vegetation. The position of the dry lands agrees with the 
general description of desert distribution given above. Surrounding 
the deserts and conforming to the general pattern of desert distribu¬ 
tion lie the grasslands—essentially transitional betsveen places where 
moisture is abundant and places where it is dehetent. The forests of 
the low latitudes occupy the whole width of the continents for about 
10” on either side of the etjuator, except where highlands, omitted from 
the generalized continental outline, interrupt. On the continental east 
coasts, as we have seen, the tropical forests extend poleward to the 
margins of the low latitudes. Also, in the last chapter we found that 
the mediterranean forests occupy the continental west coasts just pole- 
ward of the deserts. 

It is now time to complete this general picture of forest distribution. 
Along the continental west coasts the forest continues poleward as far 
as temperature conditionspermit tree growth. Where mountains border 
the sea, as in Norway, British Columbia and Alaska, southern Chile, or 
NeW' Zealand, the forest is limited to a narrow strip along the coast and 
the lower mountain slopes; but in Europe, south of the Baltic, the forest 
extends inland and crosses the whole continent of Eurasia, north of 
the deserts and grasslands, to the east coast. Similarly, in Canada, east 
of the mountains, the forest lies in a continuous belt between the deserts 
and grasslands of the continental interior and the tundra of the high 
latitudes. On the cast coasts of the Northern Hemisphere the forest 
continues into middle latitudes and here also extends as far poleward 
as tree growth is piwstble. Thus the middle latitudes arc forested on 
the eastern and western sides of the continents, and where the land 
masses reach sufficiently high latitudes they arc forest-covered from 
ocean to ocean between, roughly, latitude 50" and the polar boundary. 
The differences observed on Fig. 51 in the Southern Hemisphere, 
where, for example, the forest is intermpred on the cast coast beyond 
latitude 40”, are the result of the decreasing width of land area with in¬ 
creasing latitude, and the very wide area of cold ocean water which, under 
these circumstances, lies off the east coast in higher middle latitudes. 
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Fig- >2, A eortiferoui fortit in Wtttrm Canada 


The foresES arc o£ various kinds. They may be evergreen or decide 
uous, or a combination of [hese; they may be composed of broadlcaf 
trees or conifers or of a mixture of these types. In general, the tropical 
forests are composed of broadlcaf trees, evergreen except in the regions 
having a pronounced dry season. The mediterranean forests arc also 
chiefly broadlcaf and evergreen. In general, conifers are pushed out by 
the competition of broadleaf species, and can therefore survive only 
where the climate or soil is unfavorable for the latter. The northern, 
or boreal, forests which cover the whole expanse of the higher middle 
latitudes of Eurasia and North America, where the winters are long and 
rnostly coniferous and evergreen fEig, 

The mid-latitude mixed forests, composed of both broadlcaf and 
conifer, are transitional between these two extremes. They occupy two 
distinct positions in the generalized continental panern in the North¬ 
ern Hemisphere: cast of the dry inTerior. betw-ecn. roughly, latitudes 
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25’ and 45“; and west of the dry intcriojr but poleward of the mediter¬ 
ranean forests of Group III, between, roughly, latitudes 40’ and 60*. In 
the Southern Hemisphere, the mid-latitude mixed forest is also sepa¬ 
rated. It occurs on the eastern side between latitudes 25’ and 40*, 
where it borders the grasslands. On the western side it extends from 
about latitude 40° to the southernmost point of land . 


The Pattern of Climates. These major kinds of natural vegetation 
reflect the underlying pattern of world climates. In previous cliapteis 
we have discussed certain aspects of the climatic pattern. We have 
described the various factors which determine rainfall effectiveness, 
and we have shown the relationship between rainfall and temperature 
on the one hand, and on the other, the four basic controls of climate: 
latitude, land and water distribution, prevailing winds, and ocean cur¬ 
rents, It is now time to summarize the effect of these controls on the 
pattern of climates. 

The distribution of air temperature on the earth’s surface is deter¬ 
mined in general by differences in latitude and by the contrasts between 
land and water. For rea,sons which arc set forth in Appendix B, the 
heat received from the sun at the earth’s surface is greatest in the low' 
latitudes and decreases toward the high latitudes. If the earth’s surface 
were all land or ail water, there would be a simple arrangement of 
temperature by latitude, with the highest temperatures along the 
equator. But at any one latitude, land areas heat up much faster when 
the sun is high, and cool olf mucli more rapidly when the sun is low, 
than do neighboring water botlics. For this reason, at the same latitude 
the land becomes warmer than the water in summer and cooler in 
winter. Continental climates are those which have great temperature 
differences between summer and winter; marine climates arc more 
moderate throughout the year. Fig. 53 shows the generalized position 
of two tines of equal temperature (isotherms) crossing the same conri 
nent shown in the previous figure (Fig. 51). The solid line is a winter 
isotherm—a line connecting places which have a certain average tem¬ 
perature in the coldest month (26.6"). Because the land is colder than 
the water in winter, this isotherm bends equatorward as it crosses the 
continent. The dashed line is a summer isotherm, connecting all points 
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which have a certain average temperature for the warmest month 
(71.6”). Because the land is warmer than the water in suinmcr, this 
isotherm bends poleward in crossing the continents In the Southern 
Hemisphere the two isotherms do not cross each other as they do in 
the Northern Hemisphere. The small land area in higher middle 
latitudes makes the development of very cold winters impossible. The 
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winter isotherm runs east and west just about as it would do if the 
world w'cre all water. 

The two isotherms in the Northern Hemisphere, however, are not 
arranged symmetrically on the continents. The winter isotherm reaches 
the west coast about latitude 60“; it reaches the east coast, on the other 
hand, between 40° and 45“. The summer isotherm is pushed far equa- 
torw'ard near the west coast, so that it reaches the land about latitude 
30“ j it bends sharply poleward on the land, however, and reaches the 
cast coast at about the same latitude as does the winter isotherm—be' 
tween 40“ and 45°. These isotherms are based on the actual distribu¬ 
tion in the world of two arbitrarily selected temperatures; but any other 
winter and summer isotherms would show a similar trend in crossing 
from water to land. 

If the only two controls of temperature were latitude and land-water 
contrast, the isotherms would not show this peculiar lack of symmetry. 
They arc displaced eastward—so that the maximum difference between 
summer and winter is east of the center of the continent—because of 
the prevailing winds and ocean currents. 

The world’s ocean currents are shown on Plate 23. Within each 
ocean basin and along the shores of each continent there arc similar 
ocean currents. The position of warm and cold w-atcr near die shores 
is roughly the same in each ocean basin. The relation of ocean tem¬ 
peratures to the temperatures on the east and west coasts of the conti¬ 
nents is clear. The summer isotherm bends sharply cquatorward be¬ 
cause of the very cold water along the west coasts ^tween 35* and 15“, 
This appears in both hemispheres. The winter isotherm is much farther 
north on the Northern Hemisphere west coasts than it is on the cast 
coasts in part because the west coasts beyond -Kl" are bathed by warm 
water and the east coasts beyond 40" are bathed by cold water. 

General Circulation of the Atmosphere. The prevailing w'lnds also 
contribute to this arrangement of the Isotherms, As w'e have seen, there 
are three major elements to the world’s wind systems. There arc the 
oceanic whirls, the monsoons, and the polar outbursts. The oceanic 
whirls arc so geared together that on thetr cquatorward sides, in the 
low latitudes, the wind comes generally from the cast, and on their 
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poleward sides* In the midtlk latituders, i[ comes generally from the 
wesE For this reason the moderacing effect of the ocean on summer 
and winrcr ttiapcramrc in the middle latitudes extends tardier inland 
from die west coast than from the cast coast. In fact, continental con¬ 
ditions extend eastward to cover all but the offshore islands and penin¬ 
sulas on that side of the continents. This is brought out strikingly by a 
comparison of the latitude of the big urban centers of Europe and east¬ 
ern North America. Due west of London, on the eastern coast of 
North America, lies sparsely populated Labrador. Such northern Euro¬ 
pean cities as Oslo, Stockholm, Helsingfors (Helsinki), and Leningrad 
He in the same latitude as southern Greenland or the northern part of 
Hudson Bay. On die continent of North America, New York and Sitka 
both have about the same January mean temperature, 30° and 31 “ respec¬ 
tively; but the warmest month in Sitka is 55“, and in New York it is 73". 

The isotherms, however, tell nothing abO'Ut rainfall, storminess, and 
the variability of weather. Rainfall, for reasons described in Appendix 
B, is caused only when air containing considerable quantities of water 
vapor is forced to rise and cool. The largest amounts of rising air are 
found in those places where different currents converge. Along the 
equator over tiic oceans, for example, the air moving cquatorward in 
the oceanic whirls of both hemispheres converges. Because the resulting 
rise involves air which Is filled with water vapor picked up over warm 
ocean water, the rainfall is heavy (Plates 7 and 26). The convergence 
of the oceanic whirls is strongest on the western sides of the ocean basins; 
and because the deflectb-c force of the earth s rotation is not felt at all 
on the equator and only very slightly for about ten degrees on either 
side of it, the northeast and southeast winds continue, if terrain permits, 
far into the continental interiors. Heavy mins on the eastern slopes of 
the Andes come from the indraft of oceanic air which is especially 
strong from January to May. On the eastern sides of the ocean basins 
and on the west coasts of the continents there arc wedge-shaped areas of 
calms in which heavy convcciional rains occur during and shortly after 
the passage of the sun over the equator. 1‘hese arc known as the 

doldrums, * 

Rising air, heavy rains, stormincss, and weather variability m the 

middle latitudes all result from the interaction of the poleward parts 
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of the oceanic whirls with the equatorward-moving polar outbursts. 
CoJd air accumulates over the snow and ice surfaces of the high-latitude 
regions, especially over Greenland, the Arctic Ocean, the snow-covcred 
continents in winter, and, more than anywhere else on earth, over the 
icc-covcrcd continent of Aniarctica. At intenaU the cold air surges out 
toward the nearest warm spot. It moves close to the ground, for cold 
air is heavy, and each outburst takes on much the shape of a drop of 
water rolling over an inclined surface. As the cold air moves into the 
relatively warm, light air of the oceanic whirl the latter is forced to 
rise. Eddies arc formed around the edges of the cold air masses, and in 
the centers of these secondary whirls, or cyclones^ air is forced to rise 
vigorously. Along the cold air fronts there are Jieavy falls of rain, 
and sometimes violent winds. Those parts of the world over which 
cold and warm air masses alternate arc the areas of greatest storxniness 
and weather variability (Fig- 54). 

Actually the world's stormiest areas are found where warm ocean 
water is relatively close to centers of cold air accumulation. The storm i- 
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cst psTt of tlic world is tlic oiiddlc IstiLudcs of tKc Southern 

Idctnisphcre, surrouiiding the Antarctic Gontineiit. G refit storuxtncss 
vs fitso experienced over the North Atifintic Orvft where It pusses south 
and soutlieast of Greenland? and over the Kuro Siwo where it passes 
close to the cold Bering Sea and nortlieast Siberia, Storminess and 
weather variability, however, extend beyond these maximum zones: the 
continental coasts both on the west and on the east arc very stormy in 
higher middle latitudes. In winter the cold air masses push equator^ 
ward of 40” on the west coasts, and much farther toward the equator 
on the east coasts, where there are warm ocean currents. The cold ^ 
masses that reach western North America come largely from Siberia, 
the Arctic Ocean, and Alaska; in western Europe, cold air masses come 
not only from Greenland but also from the continental interior to the 
northeast. In eastern North America, cold air pours southward from 
the Arctic Ocean and from Greenland across Canada and the United 
States. In eastern Asia the very cold area of northeast Silveria is a source 
of so many polar outbursts that, latitude for latitude, as compared witli 
eastern Nordi America, the winter temperatures of Asia arc some ten 
or twenty degrees lower. The basic cause of the dilfercncc is tiic relative 
size of Asia and of North America. The temperatures of winter in the 
continental interior of Asia arc much low-er than those in the mtcrior of 
North America. 

It is worth noting in passing that the common opinion in the United 
States concerning the supposed warming effect of the Gulf Stream is 
erroneous. The fact is that the warmer the water is in the Gulf Stream, 
the stronger arc the cold air masses that move toward it from the higher 
latitudes. Rising ocean temperatures in the Florida Strait between 
Florida and Cuba arc used by long-range forecasters to predict cold 
weather and siormincss in northeastern United States, 

Monsoons and Monsoons. The monsoon is defined as a movement 
of air from cool places to warm places which for six months goes in 
one direction and for the other six months goes in the opposite direc¬ 
tion. It is produced, as we have seen, by dificrences b temperature be¬ 
tween land and water. The true monsoon is formed where the stream 
of air continues without interruption. It U found on equatorward- 
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facing coasts in the low latimdes—a situation which Is not shown on 
the generalized continental outline, but which is one of the specific de¬ 
partures from llic generalized outline which gives each continent its 
unique pattern. On such coasts there is warm ocean water on the 
equatorward side which supplies air over it with great quantities of 
moisture. On the land poleward of the equator ward-facing coast, the 
temperatures are higher than those over the tropical W'ater in summer, 
but much lower in winter. On shore summer winds bring enormous 
quantities of rain, especially where they rise against mountain fronts. 

The true monsoon regions merge with regions along the cast coasts 
of losvcr middle latitudes in which the alternation of wind direction 
between summer and winter is statistical rather than permanent. Jn 
other words, the average wind direction of winter is north or north¬ 
west, both In southeastern United States and in southeastern China, 
because the polar outbursts come with great frcqucncv' at tliat season. 
They arc occasionally interrupted, however, either by spells of still air 
between outbursts, or even by warm air masses of the oceanic whirls- 
In summer, on the other hand, the oceanic whirl is dominant, and 
winds arc mostly from the south and southeast; but even in that season 
there arc occasional interruptions as cold air masses push southward. 
Actually the monsoon of all of southeastern United States, including 
that of the margins of the Gulf of Mexico, is an average condition 
rather than an uninterrupted condition, both in summer and in winter. 
The monsoon of India, however, protected as it is by high mountains 
to the north, is almost never interrupted. The two kinds of monsoon 
in Asia arc merged somewhere in the southern part of China. 

As a result of all these conditions, the rainfall in the mitidle lati¬ 
tudes is especially heavy along the whole east coast, and along the west 
coast poleward of 40°, The continental interiors arc dry*; but poleward 
of about 55* in the Northern Hemisphere temperatures average low- 
enough, even in summer, so that the small amount of rain which docs 
fall is highly effective. 

The Vegetation Types and Their Distribution. The mid-latitude 
mixed forests are composed of a number of different forest associations, 
static including both broadleaf trees and conifers and some composed 
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wholly of one or the orher. Along the continental cast coasts, the forests 
of Group IV arc distillgnished from those of Croup [[ because of the 
predominance of species which can endure cold weather In winter. The 
palm, for example, is a characteristic low-latitudc tree, and it docs not 
flourish poleward of 30% although stunted palms actually are grossing 
poleward of this. The poleward limit of the palm is shown on Fig. 
55 together with the coldcst-month isotherm of 64.4% which is com¬ 
monly used to distinguish climates with mild winters from those with 
no winters. The same figure shows the distribution in the United Stales 
of the black oak {Quercuf pelHUna)> which is a tree distinctly adapted 
to mid-latitude conditions. The boundary between the low-Iaiitudc and 
mUldledaiitude forest tvpcs is obviously a ;sonc of transition, and the 
actual line drawn on the plates (Plates 1(F20) is an arbitrary’ one. 

The boundary between broadlcaf forests and conifers is even less 
distinct. Conifers are found far equatorsvard in the wmicrkss regions 
of the tropics. The characteristic vegetation of large parts of Flonda, 
Cuba, and the Bahamas is a mixture of pine and palmetto. Tluough- 
out the regions of Group IV, on both sides of the continents there are 
"islands” or enclaves of pure coniferous forests m the midst of the pre¬ 
dominant broadleaf forests. Usually these islands arc locatetl on areas 
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of excepiionally poof soil. Pine occurs in pure stands, for example, on 
the sandy coastal'pkm soils of southeastern United States. It is found 
also on the sandy glacial soils of the Lake States and of Europe souths 
east of the Baltic Sea. On the highlands of southeastern United States, 
and in a similar position in South Brazil, the original forest was 
compjscd of a mixture of pine and broadleaf trees. There are also pine 
forests on the very rainy mountain slopes of tire west coast of the 
Northern Hemisphere, but only broadlcaf trees in a similar position in 
South Chile. The greater part of the regions of this group, however, 
were covered originally by various associations of broadleaf trees. 

On the poleward side in the Northern Hemisphere, where Group IV 
borders the forests of Group VI, there is a relatively sharp line of 
demarcation. The forests of the northern lands having severe winters 
and short summers (Group VI) arc made up of pure stands of conifers, 
chieBy spruce and hr. 

On the interior side of Group IV, the mid-latitude mixed forests arc 
bordered by grasslands. Here, as in the case of the tropical forests, the 
boundary is not always sharp, although it may be sharpened m sisme 
regions because of frequent grass fires which keep back the spread of 
young trees. Long fingers of galena forest extend along the river 
valleys far out into the grassy regions. The broadlcaf forests on the 
grassland margins arc in many cases stunted and scrubby. 


SURF.\CE FEATURES 

A discussion of these generalized patterns of forest distribution gives 
us a basic understanding of the factors or controls which protlucc the 
major lineaments of the face of the earth. But it is also true that each 
continent, each area of mid-latitude mixed forest, can be identified be¬ 
cause of its own unique arrangement of physical features. The par¬ 
ticular patterns developed on each continent and in each major natural 
region result from the configuration of the surface and the trend of 
the coasts. No generalized pattern of surface features can be shown on 
the generalized continent because, as we pointed out in the mtroduc- 
tion to this book, the relief features of the earth are not symmetrically 
arranged with reference to the equator and the poles. 
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The regions of Group IV, then, arc all diflerent in the arrangement 
of their physical features. Of all these regions, however, the ones which 
arc located in Europe arc the most intricate in pattern (Plate 15 and 
Fig. 68). With a much indented coast line, and with many mountain 
ranges and enclosed basin plains or uplands, this continent is composed 
of a large number of distinct natural regions more or less isolated from 
one another. The largest area of low relief is in the east, extending from 
the Black Sea to the Arctic- Only in its central part is it included in 
Group IV. Toward the west this plain narrows down like a funnel, 
constricted on the north by the Baltic Sea and on the south by the 
mountains and uplands of central Europe. The end of the funnel is on 
the shore of the North Sea. Here die natural lines of circulation come 
to a sharp focus; for not only is this the apex of the plain just men¬ 
tioned, but also it is easily reached from the south through a series of 
basins and river valleys. Just soutli of the Plain of Flanders lies the 
Paris Basin, united by low passes to the Aquitaine Basin and to the 
Mediterranean through the Sac3ne-Rh6ne Valley. The Rhine, also* leads 
to the North Sea. Even in the British Isles the largest lowland area, on 
which London is situated, faces the North Sea. In this portion of 
Europe, therefore, is one of the world’s greatest foci of natural lines of 
travel, as guided by the configuration of the surface. 

In contrast to Europe, eastern North America is built on a patterti 
of relative simplicity (Plate 9 and Fig. 82). Its plains arc extensive 
and continuous instead of being broken into numerous isolated units. 
The various parts of the Appalachian-Ozark system of hilly uplands 
and low mountains, extending southwestward from New England, are 
arrangeil in simple linear fashion, separating the coastal plains of the 
east and south from the central plains of the interior. The Mississippi 
Valley, south of the mouth of the Ohio, is one of the world’s major 
river floodplains (Fig. 87). Aside from the several natural foci of 
routes of travel in the interior of eastern North .America, the natural 
outlets across the barrier of highlands are three in number. Perhaps the 
most obvious route from the interior plains is down the Mississippi to 
the Gulf of Mexico. Another natural outlet is provided by the Sr. 
Lawrence. For historical reasons, however, a third natural highway 
lias been of gre.itcr importance than cither of the other two: the 
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Hudson-Mohawk rumc, by which an easy passaj;e of the Appalachian 
system is made (with a climb of only four hundred and forty^five feel). 
This pass coutributes an important part of the focus of natural lines of 
travel on the site of New' York City. 

Very different from either Europe or eastern North America arc the 
Asiatic borderlands (Plate 17 and Fig. 61). Here the areas of lowland 
are relatively smalljieing restricted by many ranges of hills and moun¬ 
tains to the alluvial valleys of the great rivers. Furthermore, the regions 
of Croup IV arc limited to the continental margins by the lofty mouH' 
tains and desert plateaus of the interior. In China the two mighty rivers, 
the Yangtze Kiang and the Hw'ang Ho,' have Formed the largest areas 
of lowland, south and north of the Shantung peninsula. Loess, carried 
by the wimi from the deserts of the interior, has been added to the river 
alluvium to build the Hwang Plain. Smaller valleys, such as the Si 
Plain of South China, the Chengtu Plain of the interior, or the river 
plains of southern Manchuria, are found in scattered positions, isolated 
by the highlands. The southern side of Korea consists of narrow valley 
lowlands separated by transverse belts of hills descending from the 

tJ w bninjage of North China the word Ao means "river"; in the laniiiiage of South 
chlni ^iang nrani "rivir," If h iisccirrca Hi fpeal; of the "Hw^ng Ho River " 
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backbone of high mountains along the cast coast. The islands off the 
coast of Asia, sucli as western Formosa (Taiwan in Japanese), ami most 
of Japan are included in Group IV. Japan is crossed by a zone of high 
mountaLns, the Japanese Alps, which cut across Honshu from the west 
coast to the soutlieast coast between Tokyo and Nagoya (Fig. 135). The 
rest of Japan is composed of low mountains and ranges of hills, en¬ 
closing small interior basins, and with numerous narrow strips of coastal 
plain or dcha plain^ 

The other parts of the world where regions of Group IV occur arc 
all much smaller. In all of them the lowlands arc closely hemmed in 
by mountains or hilly uplands- In western North America most of the 
land bordering the Pacific is mountainous (Plate 9). A long, narrow 
lowland, large enough to be distinguished from the bordering moun- 
tains, extends from Eugene, Oregon, to Puget Sound. In Oregon, south 
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of Portland, it is known as the Willamette Valley; in Washington it is 
called the Puget Sound Lowland. Tlie lowland crosses the border into 
Canada, where it provides the site for the port of Vancouver in British 
Columbia. To the north, however, the steep mountain slopes descend 
directly to the sea, leaving only a few narrow delta plains too small to 
appear on the maps. In addition to providing for the port of Vancouver, 
Puget Sound offers fine protected harbors for Seattle and Tacoma, 

In the Southern Hemisphere the surface features of the regions of 
Group IV, like the climates and the types of natural vegetation, show 
a close similarity to those of western North America. The Central 
Valley, already described in mediterranean Middle Chile, extends 
southward, like the Puget Sound Low-land, to the beginning of the 
embayed section at Puerto Montt. In South Brazil the mid-latitude 
mixed forest region is found in the states of Parana, Santa Catarina, and 
Rio Grande do Sul, and in the eastern part of Paraguay (Plate U), 
This whole region consists of hilly upland and plateau, which faces 
toward the Atlantic wnth a steep escarpment some dOOO feet in elevation. 
On the border of Brazil and Paraguay the upland is cut by the deep 
canyon of the Parana River, and tributaries to the Parana which rise 
near the crest of the escarpment flow- westward in valleys w hich become 
deeper anti deeper. The Igu.issu River tlescends over great falls into the 
deep valley of the Parana. In South Africa there is a small coastal strip 
which belongs in the regions of Group IV (Plate 13 and Fig. 12), It lies 
at the base of the escarpment capped by the Drakensbergen and extends 
from Port Elizabeth to and somewhat beyond Durban. Southeastern 
Australia is composed of small. Isolated coastal low-lands, backed by hills 
and low mountains,—not unlike the Appalachians in degree of relief 
(Plate 19and Fig. 50). Isolated plains arc occupied by Brisbane, Sydney, 
Melbourne, and Hobart. In New- Zealand, too, the low-lands are small 
and iso1aTe4.l, backed by dis.sected plateaus and rugged mountains. 


DRAINAGE AND SOILS 

Most of these regions of Group IV are well-watered, but droughts 
occur as a result of variations of rainfall, just as in the tropical forest 
lands. That these droughts result in famines, especially in the dcnselv 
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crowded agricultural lands o£ Asia, is a measure of the pressure of the 
population on the limits of subsistence rather than of the severity of 
the droughts. Similarly, the problem of providing a good water supply 
for the modern industrial and commercial great cities is a serious one 
and may even limit the size of these cities as it docs in the dry lands. 
But compared w'ith other parts of the world, the lands in this group 
have an abundant water supply. 

Floods are perhaps more of a menace than droughts. In the mon^ 
soon lands every summer is a period of high water; but every few years 
more rain falls tJian usual, and the result is a disastrous flootl in the 
lower courses of the streams. In the other parts of the group, floods 
occur during periods of excessive rainfall, especially if the rains come 
when the ground is frozen so that the water cannot sink into the soil. 
Spring floods as.wciaied with the melting of snow arc common in the 
colder northern portions. The rivers are usually able to take care of the 
floodwaters, providctl the tributaries <io not all rise at once. The Mis¬ 
sissippi floods of 1927, for example, were caused by the coincidence of 
several flowf crests on the tributary streams (Fig, 58). 

The removal of forests from the headwaters of tributary streams is 
an important cause of floods. As in the tropics, the runoff is much 
increased by the clearing of the land; and in the hilly areas of the 
middle latitudes, where snow may accumulate to considerable depth in 
a wdntcr storm, the lack of a forest cover permits rapid melting to take 
place. The result is that die deforested slopes no longer act as reservoirs 
to hold back the water and maintain a more even flow, and therefore 
serious floods alternate with protracted periods of low water. An out¬ 
standing example of this is found in China. For more than four thou¬ 
sand years floods and droughts have punctuated its history as a result 
of the almost complete removal of the forest cover. Similar dis.isters 
have accompanied the removal of headwater forests in other parts of 

the worltl- 

Soils. Many of the same processes of soil development which operate 
in the tropical forest lands are .ictivc also in the middle latitudes, but 
with certain significant differences. Leaching and cluviation take place 
wherever rain water Is percolating through a soil to the ground-water 
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tabic. But all chemical processes in the middle latitudes go on more 
slowly than in the low latitudes, owing to the lower temperarnres and 
less extreme humidity. Humus accumulation, too, is possible in the 
middle latitudes; for the slower decay of organic litter on the forest 
floor results in the collection of a black mold, which, mixed svith the 
soil layers, imparts a brownish color. 

Three mature soil types are recc^nized in the regions of Group IV. 
The red and yellow colored soils of Group II extend poleward into the 
warmer parts of the mixed forest lands, and arc known here as yelhw 
foren sfiils (Fig. 59, C). Farther poleward, however, humus accumula^ 
tion is sufficiently rapid so that the soil color is darkened. With the aid 
of earthworms the organic matter is mixed with the upper soil layers to 
form the bTOUtn forest soils (Fig. 59, fi). On the northern borders of 
Group IV and extending into Group VI lie the potisols. In the profiles 
of the potlsol the absence of earthworms is indicated by the concentra* 
non of the humus at the surface and the light, ashv color of the soil 
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below {Fig. 59, yi). The depth of these prohks decreases as the length 
of the frozen period of winier increases. None of these soils may be 
described as fertile. 

Mature soils, however, with their distinct horizons, develop only on 
flattish surfaces where the regolith has remained undisturbed for a long 
period of time, Of much greater fertility arc the immature soils, which 
have not suifered leaching and eluviation, although where these occur 
in hilly country the steepness of the slopes may make their agricultural 
use difEcult. As else where in the world, the alluvial deposits of river 
hood plains provide the most fertile lands. 

The Occttpance 

These arc the lands inhabited by nearly two fifths of the world’s 
population. While the group as a whole, from the point of view of 
its physical make-up, is less homogeneous than Group III and resem¬ 
bles the tropical forest lands in variety of subdivisions, nevertheless 
the several parts are united by four common characteristics: (1) a 
forest cover, mostly composed of broad leaf deciduous trees but with 
a considerable mixture of conifers; (2) a climate with abundant rains, 
at least during the grovsdng season, and with a seasonal rhythm im¬ 
posed by distinct but not very severe winters; (J) soil types which, in 
undisturbed places, reflect the peculiarities of the climatic and vegeta 
tion conditions of the group; and (4) surface features which arc not 
mountainous. Within the group dliffercnt natural regions may be de¬ 
fined by the arrangement of the plains, plateaus, and hilly uplands, and 
by the various forest associations. 

As in the tropical forest lands, the greatest contrasts between dif¬ 
ferent parts of the group arc not those resulting from the minor distinc- 
tions and variations of the natural setting, but, rather, those resulting 
from the occupance by people of very different cultural backgrounds 
(n spite of certain differences in the climatic regimes of soutbeastern 
China and southeastern United States, for instance, the great contrast 
which exists today between these parts of the world is more a matter 
of the culture of the inhabitants than of the nature of the habitan How 
very different might have been the occupance of the North American 
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Qx„.d Plain or iho floorlpkin of ihe MlMi.sippi if tl>e» a«as had bom 
sttclcd by OlimtaU wganking their eeonoroy around the nlbsatmce 
crop of rice and carrying on du: nctearary hW chieSy by the ore <d 
human muscles aided hy few domestic initnals a^ only the simple 
tools! One of the essential cbaracleristics of Occidental culture ts the 
control of inanimate power. The Urge-scale devclopownl of trade m 
staple commodities which the modem use of power m^es pomble 
results in a utilization of tlie resource provided by the phystcal eanh 
in a manne very difierent from that which has characterized any pre¬ 
vious civilization- Although few cultures have Med m carry on some 
trade, no culture previous to the Occidental has been able to develop to 
such a high degree the continuous exchange of (noducts betvveen d^ 
tant parts of the world. The result is a distribuKOD of people m *e 
Occidental lands which is quite different not only from the tl»>nt>unem 
of the earlier and more primitive mhabitants, but also from that of the 
present Otienul peoples in a simibr habiut. In a very real sense the 
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human culture sets more rigid limits to the area a people can inhabit 
than does the physical mahC'Up of the land (Fig. ^). 

The land generally sets up opportunities or obstacles for human 
settlement; but to the progress of that settlement or its outcome the 
natural environment remains indifferent—as indifferent as sunlight and 
soil to the growth of a plant. Not that any one system of connections 
between the occupanccand the land is enforced by the physical setting: 
on the contrary, if only one system of occupance is enforced, it is because 
of the primitive nature of the human culture—its lack of adaptability. 
The more advanced and complex cultures have a great variety of ways 
of making use of the land; but whatever mode of occupance is prac¬ 
ticed, it must form some kind of a harmonious connection with the 
physical earth. The stimulus and the plan for the transformation of the 
natural scene into one that is genially civilized are inherent in the 
human culture; the land provides the fundamental materials and 
patterns of arrangement (Fig. 61), 


OCtrUPANCE BY ORIENTAL CULTURE 

The agricultural occupance of all forest lands must start with the 
clearing of the vegetation cover.' This may be a haphazard and tern- 
porary effort, as in the case of a primitive people practicing migratory 
agriculture; or it may be a more lasting accomplishment, resulting in 
the permanent transformation of the original landscape. Both extremes 
have already l)cen illustrated by examples in the tropical forest lands. 
The early stages of occupance, during which almost all traces of the 
original natural vegetation were obliterated, were pssed through in 
China thousands of vcai'jv ago. 

The present pattern of occupance in China Is the protluct of many 
centuries during which the way of living has changed but little. Until 

>It sectiH protwbic nbal the Pfwn of Nortli China as far as the Hwang Ho was a wass 
Lnd at the time of ifie atrJwt of the earliest inhabitant*. The Yangtze Valley was mtubablv 
forested. See C W. Bishop. "Tlic NeoILihic Age in Northwn China,” Antiquity Vol 7 
<1933). pp. SfiSMIH, referenee on page 389; and idem, "The Rise of Cullijafon in China 
with Reference m its GeugraphifaE Aspect!,” CeogtepiiiraJ Kftww, Vot 22 (1932), 
pp. 6]7-rj3t, anti j^vinoi artictei by the saine author to which refaence is made in fnot’ 
in xha-c ^xipcn. 
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recently this pattern was crysiaUizcU in close adjustment to the qualities 
of the iand^ true climax of occupance in terms of the Oriental cuU 
ture. The chief features of this ancient pattern still persist; but during 
the last century or so contacts with Europeans have brought about pro 
found changes in the ways of living, and a transformation of occupance 

Is impending. 

General Population Distribution. The outstanding fact regarding 
the present distribution of people in China is their concentration in the 
few areas suitable for Oriental agriculture. There arc six chief areas of 
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very dense population (Fig. 62), The first of these is the central part 
of the Hwang Plain, where the alluvial and loesstal lowlands of the 
Hwang Ho and its tributary, the Wei Ho, the cradle of Chinese cul¬ 
ture, still support more than lOOO people per sc]uare mile. The secontl 
area of concentradon is the delta of the Yangtze K.iang. In the vlcinitv 
of Shanghai the rural population is said to exceed 2000 to the square 
mile on the fertile delta soils. The third area occupies the delta of the 
Si Riang, centering on Canton, and here, although the area is smaller, 
densittes similar to those around Shanghai are believed to exist. Thus 
in all these areas the population is at least 1000 people per square mile 
(Plate 5). 

The Szechwan Basin stands out conspicuously on the population 
map. In the basin as a whole the density runs as high as 400 or 5(K1 
per square mile, but in the Chengtu Plain, near the western margin of 
the basin, the density is probably about 1700. The fifth heavily popu¬ 
lated area is along the coast berts'een the cities of Canton and Shanghai, 
where a series of lesser delta plains forms a string of muiiaturcs of the 
much larger Yangtze or Si deltas. Finally, the sixth area Is the central 
basin of the Yangtze, where the convergence of numerous valleys has 
developed a distinct focus of commurucations on the ancient com¬ 
mercial center of Hankow. 

These six regions of dense population comprise only a verj' small 
portion of the previously forested sections of China, The remainder of 
the area included in Group IV is composed of uplands with only narrow' 
valley lowlands or mountain-rimmed basins. Here the people arc 
also concentrated in the valleys, with densities similar to those in the 
centers just listed; the upland areas support only a very scanty popu¬ 
lation. 

A Closer View of Popukdoa Distribution. In topographic detail, as 
well as in the broader aspects, the population pattern is closely adjusted 
to the land. Considering, for example, the ilenscly popubted Hwang 
Plain, we find parts of the area with extraordinary concentrations 
of people, separated by strips of territory almost untenanted. The soil 
of the great alluvial plain is not of uniform texture; in some places 
it is composed of sands or gravels deposited by the swifter currents of 
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Fig. 62 . The popuiasion Ckha^ (Prepared by John W» Alexander, reproduced 
with the permusioa of ihc AnmU of the Associaiion of Atncrican Geographers) 
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I'tc. TopcgrvpJtK iirfiiti of fhir Yangtze Delta near Shanghai. The rail- 
raid, built in 1909j ts aJi OccEdcotal feature superimposed on the ancient set¬ 
tle nient forms of the OricuLa! culture* The space outside the vilbgcs ts almost 
cxcluiivtly demoted to rkc_ (Frotu the “'Plan of Shanghai,Shanghai 192^8) 

the stream, m other places it is poorly drained and njarshy, and in ilill 
other places it is composnl of hne-textured silts and loams which arc 
ideal for intensive crop cultivation. The tletaiU of population distribu^ 
tion closely reflect these UEidedving qualities of the land; for the sandy 
or marshy tracts remain quite uninhabited, while the more favorable 
lands are so used that no small corner of ground is suffered to remain 
idle, except land that is used for the numerous cemeteries. 

Only a very small proportion of the people live in cities. Urban 
life and the jiractice of the so-called urban functions arc not entirely 
lacking in the Orient, but they have not been developed on anything 
like tlie Occidental scale. Not more than 6 or 7 per cent of the inhab¬ 
itants live In cities of over 100,000, and only 12 per cent in cities of over 
10,000. About 75 per cent of the Chinese population is grouped in small 
village agglomerations or disseminated on individual farms (Fig, 63). 
Nor do these figures tell the whole story, for many of the people who 
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live in die neighborhoods of die great cities of China and ore included 
in the category of city population arc in reality fanners. Compared 
with cities of the Western world, the typical Oriental city is essentially 
amorphous; that is, its commercial and residential areas are not sepa¬ 
rated except where the influence of the Occidentals is reflected in the 
ilevciopmcnt of a commercial core. Most of the population is rural. 
Furthermore, the traditional Chinese reverence for ancestors keeps each 
family closely attached to the land. 

Oriental Agriculture. The nature of the agriculture has been the 
decisive factor in the establishment of these patterns of occupancc. 
Oriental farming is based on the power of human muscles, supjiortcd 
in part by the power of buffaloes and horses. Though the Ciiincsc 
farmer applies from two to four times as much power to an acre of land 
as does a farmer in the United States, he limits his work to a relatively 
small area. Excluding Manchuria. Outer Mongolia, Sinktang. and 
Farther Tibet, the total area under cultwation in the rest of China (the 
most densely populated part) is only 27 per cent. For China as a whole 
the cultivated area is only about 10 per cent. The avemgc per capita 
amount of farm land iu CJiina is about half an acre. The average size 
of the farms, trx), is small—only a little over three acres for all agri¬ 
cultural China. This concentration of eflort on small areas of good 
land, to the almost total neglect of the poorer land, is the result of the 
inherited traditions of agriculture. Because of the tlepciKience for power 
on men and domestic animals, large acreages per farm, which alone 
would make possible the support of an agricultural population on 
poorer lands, cannot be successfully maintained. Since a man with a 
spade and a hoe cannot take care of much over an acre in the time re¬ 
quired by the passage of the seasons, he must concentrate his work on 
only the better places if he is to support his family. To attempt the 
cultivation of hilly or sandy lands, which might bring sufficient yields 
if large areas were cultivated by machinery, would mean starvation for 
the Chinese farmer. Unable to increase the acreage, the Qriental must 
increase the yield per acre by every available means: by irrigation, by 
the most painstaking care of the soil and of the growing crop, and by 
the use of large amounts of fertilizer. Obviously any interrupiion of the 
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farm activities, such as 
might result from floods, 
from droughts, or from 
warfare, brings large mini' 
bers of the inhabitants to 
the verge of starvation. 

Crop Combinations, 
The mo dominant food 
crops of China are rice and 
wheat. Rice is the basic 
support of the population 
as far north as the 30-inch 
rainfall line (Fig. 64). The 
climatic conditions of hot 
summers with heavy rain¬ 
fall arc ideally suited to 
nee; but on the Hwang 
Plain the rainfall is not 
sufEcient for this moisture' 
loving cereal. Compared 
with rice, wheat is a dry¬ 
land crop and docs poorly 
in areas of heavy summer 
rains. Wheat, therefore, is 
of little importance south 
of the Yangtze Valley. 

Three chief agricultural 
areas can be iden rifled. In 
the south rice is the one 
staple crop. In the north 
spring wheat and millet 
arc the crops which sup- 

^Frora George B. Crtsscy, 
CAina'f C^QgFapAk Foundaticitt, 
McGraw-Hi li Book Goto pa ny, 1 nc. 
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port the dense populations of North China. Between these two extremes, 
in the Yangtze Valley from the delta to the Szechwan Basin of the 
interior, rice and wheat arc mixed, wdth rice as the summer crop and 
w'heat grown on the dry paddies during the winter. 

In addition to these staple crops certain other crops have been 
localized in various small areas. Silk and cotton are produced along 
the Yangtze Valley, especially in the delta region. Tea is of importance 
in the hilly country back from the coast between Shanghai and Canton. 
In the south sugar cane is added to rice as a minor crop. 

Contact with Western Culture. A number of very significant changes 
have taken place in China within a cenmry as a result of contact with 
people from the Western world. Not the least is the change in the 
character of Chinese trade as a result of Occidental influence, for trade 
in the Occidental sense is of a quite different order from that found in 
any other culmre. The exchange of commodities was, of course, carried 
on in China previous to the arrival of the Europeans. As a matter of 
fact, there had long been an important trade between China and India, 
which was probably the means of introducing rice into China; and 
there was also in progress a considerable exchange of commodities 
with western Asia and the Mediterranean lands across the high, bleak 
steppes of the interior of the continent. Within China, too, the con¬ 
trasts in production between the north and the south and between the 
cast and the dry west stimulated a commercial development. This trade 
was carried on in part by small boats on the rivers and canals and along 
the coast, and in part by human porters. The convergence of the natural 
routes of river and land travel on certain focal places led to the growth 
of such important ancient market towns as Cbcngtu and Hankow 

(Fig. 61). 

The arrival of the Westerners in large numbers during the nine¬ 
teenth century imposed a very different pattern of trade. Instead of 
being drawn to interior market towns, trade has been drawn to the 
coastal ports. Here the European nations have cither established a 
definite ownership of strategic places (such as Hong Kong) or have 
gained from the Chinese government the concession of certain districts 
in the port cities where the foreigners reside and manage their own 
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affairs. The Occidentals have built railroads and established steamboat 
lines on the rivers (fig. 73). With foreign capital industrial plants have 
been started, especially in the cluster of cities on the Yangtze delta sur¬ 
rounding Shanghai. The very <-lensc population of this delta has been 
built up during the last century and is quite definitely related to the 
growth of this new urban center. 

China is in turmoil. The ancient ways of living arc breaking down 
in the face of importations from the Western world, not only of such 
material things as machines and factories but also of religious and 
political ideas. The old patterns of distribution must dissolve as the 
new ways of living arc absorbed or enforced. So close is the traditional 
attachment of the Chinese peasant to his land that it seems scarcely 
possible to move him- Yet efforts to introduce machinery and under¬ 
take the cultivation of larger farms on the poorer lands can only result 
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in the complete disorganization of the present agricultural economy. 
Perhaps the hordes of families who will be unable longer to gain a 
living in the traditional way may And a place in the industries or m 
the coal and iron mines. China is fortunate in possessing potential] v 
ixuportant coat reserves; in fact^ China stands fourth among the coun¬ 
tries of the world in its supply of coaU Coal occurs in almost every 
province, but the most important Aelds are in the highlands west of 
the Hwang Plain. Before World War II coal mining had been started 
in the more accessible places, chieBy southeast of Mukden and north of 
Tientsin (Fig* 1^3). The largest Acids remained scarcely touched. 
Minerals such as tin, antimony, lungsieu, and others occur in the hilly 
country south of the Yangtze, and there is some iron in the north- 
With these minerals, with new agricultural products, and with a large- 
scale development of coal mining, China could support manufacturing 
industries; but to develop an urban industrial economy would inevi¬ 
tably lead to the transformation of the ancient and crystallized patterns 
of occuponcc into patterns radically diBerent, Stich transformations 
cannot be other than painful, 

ChinaV PopulatioD Problem, The most serious aspect of this whole 
process of cliange is the increasing pressure of population on the re¬ 
sources of the land. China has one of the highest birth rates in the 
w'orld, averaging somewltcrc lietwccn 45 and 50 per 1000. But this birth 
rate has been almost balanced over the centuries by a very high death 
rate. Deaths which result from famines, from epidemics, or from the 
ravages of war have repeatedly swept over whole regions of China. 
Both floods and droughts, in a land so intensively used, have meant 
starvation for millions; in a land vs'herc sanitary measures are com- 
plctclv lacking, epidemics take a heavy roll in crowded communities. 
The result is that China's pipulatlon has increased only very slowly 
over many centuries. 

Now two importations from the Occidental world threaten this 
balance of births amd deaths. The increased availability of medical 
service alone must decrease the death rate. And as rapidly as industrial 
establishments are built in the cities and more Chinese fint! better in¬ 
comes and larger purchasing power as a result of industrial wages, this, 
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too, will have an importatit effect on the rate of death. More and more 
children will survive to reproductive age. Yet all previous experience 
tells us that the birth rate will not similarly be affected. 

Tlie possible increase of China’s population during the next two or 
three decades staggers the imagination > If the net rate of growth is 
estimated to be approximately the same as that of India, tlie population 
of China in 1980 will have passed 700,000,000. What does this mean 
for tlic Chinese and what does it mean for the rest of the world ? Even 
the most enthusiastic student of China’s resources agrees that neither 
agriculture nor industry can be adjusted in that period of time to pro¬ 
vide for such numbers. If China adopts sanitary measures without 
industry, the country cannot fail to remain economically weak, with a 
great majority of its people living on the verge of starvation. If China 
builds industrial plants and gains economic strength, will its leaders be 
able to resist the nationalist and expansionist ideas that Japan, under 
similar circumstances, adopted from the Occident? As Dr. Warren S. 
Thompson writes: "From the standpoint both of the welfare of the 
Chinese people and of our own position in the future when China has 
a greatly increased population and enough industry to make her a 
formidable military power, help to China In motlcrnizing her economy 
should be made contingent on the willingness of the Chinese leaders 
to show their people the need for voluntary control of population 
growth.”' 

Japan. Japan, however, rather than China, was the Erst Oriental 
country to develop a strong reaction to the Occidental world. Japan 
has often been compared with Great Britain, a comparison w-hich is 
superficially suggested by the s'unilarity of island location off the con¬ 
tinental shores. But such comparisons should never be given too much 
emphasis, for it is a fact which we encounter again and again that each 
country and each region is unicjuc and requires its own individual 
analysis and interpretation. In almost every respect, except island loca- 
lion, Japan differs from Great Britain. 

The Japanese people are diverse in origin. The earliest inhabitants 
of the islantls who have survived to the present time are the Ainus. a 

'Warren S. Thmnpiion. F«/mtiiti«rt and Peace tn tie Pan fie, Chifagi,. 1946 p 2t6 
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people of Caucasian origin, who cutne originally from die Asiatic main^ 
land, ajid who have been ilnven from the more accessible parts of the 
islands to remote and less desirable places by die later invasions of 
Mongoloid peoples. The groups following die Ainus came from the 
Asiatic mainland by way of Korea, and from the southeast Pacific by 
way of Formosa and the string of small islands connecting southern 
Japan with Formosa. The racial and cultural heritage brought by the 
migrants from China and from the south are predominant in present- 
day Japan. The racial strains which originated in the south make up 
some 60 per cent of the modern Japanese; although many aspects of 
the Japanese way of life w'cre carried from tropical regions of the East 
Indies, the contribution of China to the culture of Japan was funda¬ 
mental. From all these racial and cultural mixtures, however, the 
Japanese have evolved a fairly uniform society which differs in im¬ 
portant ways from other Oriental societies. 

Of basic importance in understanding Japan is the fact that for 26S 
years, from the early scventcendi century to the late nineteenth cen¬ 
tury, the country remained in seclusion from the rest of the world. To 
protect their culture from the teachings of the Christian missionaries, 
the rulers of Japan maintained the strictest blockade against outside 
contacts. During the period of rapidly expanding empires following 
the Industrial Revolution in Europe J.apan was inactive. European 
countries were establishing bases such as Hong Kong along the shores 
of China while the Japanese were engaged in unifying their own 
domestic way of life. Not until Commodore Perry in 1853 succccJc^l 
in forming personal contact with the Japanese ruler, and not until the 
Meiji Restoration in 1868 brought in a government with a new poheyt 
of participation in mtcmational aJfairs, was the career of motlern 
Japan launched. 

After 1868 the uansformatlon of the Japanese way of Uvmg went 
on with unexpectai rapidity. On a purely self-suflicjcnt agricultural 
economy, based chi:flv on rice, the Japanese superimposed an urban- 
industrial economy which was dependent both on imports of raw 
materials and exports of manufactured products, Japan lacks most of 
the industrial raw materials. To build a steel industry- it was necessary 
to import bon ore or scrap iron, and to import coal suitable for metal- 
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lurgy, To build a cotton textile industry it was necessary to import 
cotton. But for industries of this sort Japan was able to develop a targe 
potential supply of hydroelectric power. Before World War II, Japan 
was surpassed only by the United States and Canada in the production 
of hydroelectric power. Its chief Industrial resource, however, was an 
abundance of cheap but efficient workers. Except for the cotton textile 
industry, the capital for the industrial development was furnished by 
government subsidy, largely from taxes on the silk protiucers. 

Industrialization profoundly altered the Japanese way of living. 
While Japan was isolated from the rest of the world the population 
remained nearly constant—a little Isclow d0j000,000. This was about 
the number that could be supported by an inefficient feudal system of 
agriculture; population increase was limited by repeated famines and 
epidemics. j\fter the ^4ei|i Bestoratioji, how^cver, cities began to grow 
rapidly. Although the rural population has remained relatively con¬ 
stant, since 1872 the urban population has increased rapidly and at an 
accelerated rate. In 1920 about 12 per cent of the total population lived 
in large cities (over 100,000); in 1910, 29 per cent of the people were 
living in such cities. The major cities which grew so rapidly are located 
along the southeastern coast of Honshu and around tile Inland Sea 
between Honshu and Shikoku. They include Tokyo. Osaka, Yoko¬ 
hama, Nagoya, and Kobe (Fig. 135). Kyoto is the only great fapanese 
city with an interior location. 

The rate of population increase in Japan had decreased somewhat 
before World War 11. Some students of demography suggest that this 
represents the beginning of a trend toward a static population similar 
to the trend already familiar in Occidental countries. Further analysis 
shows that a tlcclmc in the birth rate has, in fact, appeared In the cities, 
but that this decline is small (from 31.(19 in 1930 toil.69 in 1937); and 
the major factor in limiting population increase is still a high death 
rate. Japan's total population in 1946 was it is estimated 

that by 1^5 the number will have risen to 83,0(X),000. On an agricub 
rural base which has changed little during the years of Japan’s rise to 
world prominence, and with an industrial structure broken by war and 
restricted by the watchful control of the victors, such a large popula¬ 
tion will prove difficult to support. 
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Japan, like certain Western countries, used a large and increasing 
population as a reason for territorial expansion. In a series of wars 
beginning in 1394 the Japanese extended their control over many parts 
of mainland Asia, including near-by Korea and Maitchuria, and over 
strategically located islands in the south Pacific. During World War II 
die territory coni.|uercd by Japanese arras included the Nethcrlamls 
Indies. Malaya, and the Philippines, as well as the most productive and 
densely populated parts of China. But territorial conquest in a svorld 
already occupied U no longer a solution to population pressure, Solu- 
dons can be found, but they lie in the direction of increased produc¬ 
tivity of useful goods per person, not In the use of human and earth 
resources for purposes of destruction. Japan must renovate her agri¬ 
cultural techniques, and rebuild an industrial structure more closely in 
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harmony with the facts of world geography. To attempt the dcveloj> 
ment of a sted industry simply to give military strength Is nncctv 
namic; to utilize the advantages of the country for the hw^on pro^ 
duction of tnanufactured gwxis is the only way out. This means that 
acce^ to raw materials necessary fo-r such hulustries cannot be denied, 
nor can markets be artificially closed to the kinds of things the fap 
anese can make advantageously. Otherwise the hopeless conditions of 
life in Japan may provide fertile ground for new schemes of aggression 
and conquest. 


OCCIDENTAL OCCUPANCE 

China and Japan are not the only parts of the world that face an 
uncertain future. The focus of confusion and confiict in the world 
today is the nuclear area of Occidental culturc-the continent of 
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Europe, But the conflict is not confined to Europe, for in a world 
reduced in size hy modern teciinology every remote inhabited place is 
intimately concerned with what happens in other inhabited places. We 
have suggested in the introduction to this book that from a broad point 
of view the basic cause of this world-vridc confusion is die necessity for 
readjustment of man’s relation to the land owning to the enormous 
increase in his technical capacity to praiuce. 

The Occidental culture is sharply divided today into three parts. 
The changes accompanying the application of controlled inaniiriate 
power to production aitd transportation have led to the development of 
the industrial society—a society characterized by great urban concen¬ 
trations, by enormous productive capacity, by huge volume of trade, 
and by many new economic, political, and social institutions. This new 
society had its beginnings in the countries bordering the North Sea tn 
Europe. It spread only a little eastward into Europe, but across the 
ocean it developed rapidly in the United States, Canatla, Australia, 
New Zealand, and South Africa; and at the present time it is making a 
start in Brazil, Argentina, and Mexico. Most of the Occidental world, 
hosvever, is still occupied by a pre-industrial society by people wdth a 
feudal pattern of living, with vast majorities of illiterate agriculturists 
and small minorities of people with political and economic power. And 
there is a large part of the Occidental world where the new' soviet 
society has made its appearance. 

The rise of the industrial society has been accompanied by a great 
increase in the population, for reasons similar to those we have just 
described for Cliina. One of the characteristics of the industrial society, 
however, is the eventual decline of the binh rate and the appearance 
of a st.itionary or even declining popularion at a much higher level of 
density than existed before Lndusirialization. But as the prc*indu,striai 
and soviet countries adopt the technical aspects of industry, they in turn 
are beginning the cycle of rapid p<ipulation increase. 

The industrial society has also adopted certain attitudes and objcc- 
respect to the w*orId and its resources that set it off from the 
pre-industrial society. Self-sufficiency is by necessity abandoned because 
the locality can no longer prov'ide enough of the materials of foml, 
clothing, and shelter. Earth resources in sufficient quantity to feed the 
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great iiidustrial plants must be gathered from the whole world, not 
from any one part of it. Self-sufficiency is given up for interdepend¬ 
ence. Life becomes richer, more varied, and potentially more secure 
from the results of natural disasters; but in times of economic or mili¬ 
tary conflict, wJien the free flow of commerce is interrupted, the very 
existence of the industrial society is threatened. For this there is no 
solution except the wide acceptance of the concept of "one world.” 


EUROPE 

All three of the present major divisions of the Occidental world had 
their origin in the mid-latitude mixed forest lands of Europe. In this 
area, today, are the largest concentrations of Occidental people {Plate 4). 
On a world map of population Europe stands out as one of the areas 
of greatest density. The key to the problems which beset all Occi¬ 
dental people and which arc distuihing the ancient patterns of the 
Orient is to be found through an analysis of the relation of people to 
land in Europe. 

The Background of Settlement in Europe. Europe is not really a 
continent at all, except in itamc. An examination of the globe shows 
that the great land mass of Eurasia is formed like an isosceles triangle, 
with its base at the cast coast of Asia and its apex in western Europe. 
No barrier of any sort separates Europe from Asia; in the course of 
many centuries people have migrated back and forth from the great 
central heartland of Asia to the various peripheral areas, of which 
Europe is oite 

There is an import int difference, however, between the broader 
eastern part of Europe where it adjoins Asia, and the narrower, western 
part- West of a line drawn from Leningrad to Trieste most parts of the 
land arc easily accessible to people with ships (Fig. 68). There are 
three reasons for this. In the first place, the land itself is tapering so 
that no part of the continental interior is far from the ocean. In addi¬ 
tion, the coast line of this part of Europe is deeply indented and has 
many excellent harbors. And, most important, this part of Europe is 
crossed by a series of navigable rivers. The Seinc-Saonc-Rhonc system 
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provides a fine route of travel and conununicatton which was of special 
significance to a people otherwise dependent on transportation overland 
by Jiorse and wagoit. From the Sadne, the Gap of Belfort between the 
Vosges and the ftira gives access to die Rhine, which, in turn, is navi¬ 
gable to the North Sea. The Elbe and the Oder, together with other 
smaller rivers, connect the North Sea and the Baltic with the heart of 
western Europe. In contrast, eastern Europe is much less accessible for 
people with ships, except for the Danube, which leads to the Black Sea. 

This difference was of importance to the people wiio settled in the 
forested regions north of the Alps. The tliffcrencc in outlook betw'cen 
people dose to the sea and people distant from the sea remains even 
today; and the conflict for power between maritime people and con¬ 
tinental people has yet to be resolved. 

The People of Europe. Europe was thinly populated north of the 
Alps when the Romans pushed their conquest across Gaul and into 
Britain. The Celtic triljes who came very early to the forests near the 
apex of the great Eurasian triangle were pushed on by later migrants. 
Ttxiay the parts of Europe which arc predominantly Celtic arc the 
westernmost islands and peninsulas (Fig. 69). About’2000 bjc. the 
Germanic tribes were in southern Scandinavia and on the plains be¬ 
tween tlie Rhine and the Oder. Seeking better crop land w'hcre sum¬ 
mers were tt'anner, they pushed southw'ard into what is now France, 
and into die middle valley of the Rliiiie, and into the upper valley of 
the Danube, Wherever the forest was thin, or where heaths offered 
land which was entirely open, they established settlements and planted 
crops; bur between the settlements were large are.is of untouched forest, 
pictured in German mythology as the dwelling places of gods and 
demons. To the cast w'cre the land-minded Slavs, a pastoral people but 
recently come from the grassy steppes of the Eurasian interior. They 
established fixed villages wherever lands could be cleared for pasture. 
Many of these early Slavic villages are marked today by large cities, 
identified as Slavic in origin by the endings -tn or -zig (such as Berlin 
or Leipzig), 

The Romans brought language and many social and political ideas 
to western Europe, When Roman power collapsed, people in the area 
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west of the Rhine continued to speak a Latin language, but the Ger¬ 
manic language persisted east of the Rhine. English was enriched from 
both sources. The relation of people to the land, both among the Latin 
people and the Germanic people, was based on the feudal concepts of 
the Romans. Feudalism was the basic and widespread way of living in 
Europe before the rise of the industrial socictv, and to this day it 
characterizes the pre-industrial society wherever it is found. 

Medieval Europe. Medieval Europe was still not densely populated. 
TJicre were areas of concentrated settlement, but between them were 
large expanses of uncut virgin forest, mostly uninhabited. The land 
was divided into large domains ruled over by lords but occupied chiefly 
by an illiterate peasantry. 

Essentially each community was a self-sufficient unit of settlement. 
To be sure, the lord of the land and the retainers who lived with him 
in his castle and the officers of the army that maintained his rule could 
make use of foods, articles of clothing, and luxuries brought at high 
cost from distant places. But the great majority of the people lived on 
what they produced from the immediate locality. 

Umler the traditional agricultural system the soils of Europe did 
not give large yields. The brown forest soils soon declined in produc¬ 
tivity when used repeatedly for grain crops without the addition of 
fertilizers. To cope with this fact the "three-field system" of farming 
svas used. Rye or wheat was planted in a field one year; the following 
year the same field was used for barley or oats; and in the third year 
the field was permitted to stand idle or in fallow. Animal manures 
were not used, even where there were cattle. Under this system the 
yields of wheat were only six to ten bushels to the acre, and few of the 
communities were safely beyond the danger of famine caused by local 
crop failure. The density of population was closely related to tltc quality 
of the soil for grain-farming. 

The Emergence of the Industrial Society. The emergence of the in¬ 
dustrial society and the appearance of modern Europe involved a num¬ 
ber of basic changes in the attitudes, objectives, and technical abilirics 
of the people, and with these changes came fundamental differences in 
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the distribution of people and the relation of settlement to the physical 
earth. The inhabitants of the island of Great Britain played an ini' 
portant role in these changes. 

Why should such important cultural developments have appeared 
first b Dritab? There is ccrtably no one simple answer to this ques- 
tiofl. It is true that Britam enjoys a stimulatbg climate, with frequent 
changes of weather and without great extremes of heat or cold, flood 
or drought. It is true also that the British people were made up of a 
variety of ethnic strains. The channel which separates the Island from 
the mainland gave just enough protection from repeated invasion and 
conflirt to permit early political unification and more attention to non- 
military matters than the people of tlie mainland could afford. The 
British people turned to the sea, and their ships sought commercial 
connections in the most distant parts of the world. The homeland was 
mostly too rainy or swampy to make first'Class agricultural land, yet 
the island was not lacking in protlucts. Traders came very early to 
exploit the tin ores of Cornwall. In the medieval period wool was sent 
across the channel to Flanders, where skilled workers made it into 
clothing, Britain had long been accustomed to dealings with places 
across the water; and the traders and explorers who blazed the trails to 
distant places brought back new and stimulatmg ideas as well as exotic 
and useful products. 

The fact is that the first attack on the traditional way of living of 
the Occidental world was delivered m Great Britain. The first people 
to challenge the political and economic power of the landlords over an 
illiterate peasantry were the British. The first country to become de¬ 
pendent on distant sources of food for the support of all the people 
was England, which has been dependent on imports of wheat since 
1750. The first change b the traditional three-field system of farming 
was made in England. During the second quarter of the eighteenth 
century the British farmers adopted a systetn of crop rotation, A field 
was used one year for wheat, another year for a cultivated forage crop, 
and a third y^r for hay. With the use of more fields for feed crops 
rather than for human food directly, the acreage in wheat dropped; 
but the yield per acre rose to between ten and twenty bushels to the 
acre. This was accomplished through the use of animal manures. The 
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animals greatly enriched the diet of the British, and at a cost low 
enough so that meat was availahk not only for the very wealthy but 
also for a targe part of the population. More recently the use of 
chemical fertilizers lias raised the wheat yields of Europe to thirty or 
forty bushels to the acre. 

The Industrial Revolution also began in Grc,it Britain, The first 
steam engine was patented by James Watt in 1769, The first iron bridge 
was built in 1779 across the Severn at Coalbruokdalc in w'estern Eng¬ 
land near the border of Wales. The first application of steam to the 
manufacture of cotton textiles was made in 1785 at Manchester in 
England. The first steam railroad in the world was opened in 1825 
bctw'cen Stockton and Darlington in the northeast of England, 

Changing Patterns of Occupancc, Within a relatively short period 
of time the significance of the physical earth with respect to the dis¬ 
tribution of people and the patterns of settlement began to change fun¬ 
damentally. Among the many changes in the relation of people to land 
which have appeared, and which arc still in the process of appearing, 
wc shall describe three specifically; the changes in the factors leading 
to the location and size of cities; the changes in the factors which 
combine to fix the routes of travel am! transportation; and the changes 
in the significance of barriers to circulaiion. 

The Location and Size of Cities. The new technology for the first 
time made it economically desirable and physically possible for large 
numbers of people to live together in cities. Before the era of railroads 
and steamships, food could not be brought to any one place in sufficient 
quantities to support millions of specialized nonfood-producing urban 
people. Nevertheless, small market towns made their appearance at 
places where people found It easy to come together from the surround¬ 
ing cGUniry or to meet the ships that came from distant regions. 
Markets were not uncommonly located at cathedral towns where people 
came for religious purposes but stayed to trade. Market towns were 
usually found at the following places; where there were firm shores 
close to a protected anchorage for .ships; at the heads of navigation on 
the rivers; at important river crossings; at the junctions of important 
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navigable rivers or where impyrtant tributary valleys joined the main 
valley; at either end of mountain passes or in ihc gaps between hilly 
or mountainous regions. Wherever the physical conditions made neces¬ 
sary a change in the tueans of transportation or the size of the load 
that could be moved in one carrier, to such places people came to trade 
and small towns were established there (Fig. 70). 

When the era of vastly increased commercial activity began, the 
pattern of circulation previously established was, in iiK^t cases, main¬ 
tained. The small market towns grew' into great commercial cirics. In 
every country, however, there was a tendency toward the selection of 
one city for the major focus of trade and finance. In one center people 
could find the greatest variety of goods, the rarest articles, and the 
greatest development of the institutions w'htch facilitate trade. To this 
one center came the most able people because here were the greatest 
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economic opportunities. As the supremacy of this one city beemne 
more and more apparent, not only traders and business people were 
attracted to it but also artists, musicians, writers, and people of wealth 
who wished only to enjoy the social life. The result was that one city 
in each country grew out of all proportion to the other cities. This is 
what Mark jclferson calls "the law of the primate city.”‘ In eighteen 
of the larger countries of the world the chief city is more than three 
times the size of the second city} and in twenty-eight countries the chief 
city is more than twice the size of the second city. 

In addition to commerce, another factor became important in the 
location of large cities. This was manufacturing industry. To be sure, 
there bad been manufacturing cities before the Industrial Revolution, 
but none on the scale of the modern era. Industrial cities in the pre- 
industrial society were generally built to serve a small market and were 
protected not so much by tariffs as by high costs of transportation. 
With the application of steam power to manufacturing, the presence of 
accessible coal for the first time in history became a factor in the loca¬ 
tion of large urban concentrations. Cheap transportation also made 
possible the location of manufacturing centers in places which earlier 
could not have supported such a large-scale economy because of the 
lack of a large enough market close by. 

Large industrial concentrations have now been developed at or near 
the sources of good coal. First came the iron and steel industry. Coal 
is the raw material used in the largest volume in most regions of steel- 
making; for this reason it is usually less costly to operate a large-scale 
steel industry near the coal fields than near the sources of any of the 
other raw materials that arc used. Directly or indirectly related to e oi » ] 
arc many other kinds of manufacturing industries utilizing by-products 
or semimanufactured products. The great industrial concentrations of 
the present day include many different kinds of manufacturing, all in 
one way or another enjoying an advantage from location close to coal. 

The Ruhr. The greatest industrial concentration in Europe and one 
of the few great concentrations of productive capacity in the world is 

^^^ark JcffcFwn, The Law of Primait Gf ogr^p^ieai Veil, 29 f 1939), 

pp, 
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Fig. 71. Urbixn itpeh^mfut in the Ruhr Diitrict, ( Au«r Chayrtcy D. Harris) 

in the Ruhr—located on the cast side of the Rhine northeast of Cologne 
(Koln). Ruhr coal made up 90 per cent of the bituminous coal of 
prewar Germany and represents about half of all the coal in Europe 
outside the Soviet Union. Coal has been mined in the Ruhr since the 
tldrtcentJi century, but because of the cost of transportation most of it 
was formerly used at no great distance. The fust use of coal to make 
coke, which, in turn, was used in making iron and steel, was in 1850. 
The building of the great industrial complex in this region was largely 
accomplished between 1850 and 1913. More coal was taken out of the 
ground In the Ruhr between 1920 and 1940 than in all the Jiundrcds of 
years since mining was started in the area (fig* 71). 

Before World War 11 a great variety' of industries and a great con¬ 
centration of urban people occupied the Ruhr. In addition to coal 
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mining and ihc manufacture of pig iron and steel, there were industries 
making all kinds of products from steel; there were chemical and dye 
industries using by-products such as coal tar and its numerous com¬ 
ponents; there were textile and pharmaceutical industries based on the 
same materials. The Ruhr had become the productive heart of Europe, 
for it supplied a large proportion of the basic material to be manufac- 
cured elsewhere as well as many of the finished manufactures used 
throughout Europe. Of the coal mined before World War II, some 
48.5 million tons a year were usetl in the manufacturing industries of 
the Ruhr itself; 39.6 million tons went to other parts of Germany; and 
39 j 6 million tons were exported to the Netherlands, Belgium, France, 
Luxembourg, Italy, Switzerland, the Scandinavian countries, the Bal¬ 
kans, and oversea to Spain and other places. A very considerable part 
of the productive capacity of Europe was based on Ruhr coal.' The 
great concentration of people in this area (Plate 4) includes only a 
small proportion of the total people of Europe and outsirle of Europe 
whose way of living is directly or Indirectly based on the prHCKluctiviiy 
of this one place. Such complex relatiotiships to the resources of the 
earth has'c existed only during the last hundred years of human history. 

Routes of Travel and Transportation. These great concentrations of 
urban people engaged in the varied activities of commerce and manu¬ 
facturing arc closely related in their location and growth to the routes 
of travel and transportation. But the kind of routes selected for horse- 
drawn wagons, or the ports selected for the accommodation of rela¬ 
tively small sailing ships are not necessarily the same as the routes and 
ports which would be selected in an era of railroads, motor trucks, and 
large ocean ships. In many instances the existence of an established 
commercial center has forced the railroads to follow routes which 
otherwise would not have been selected; and there are many examples 
of smaller market towns now* decadent because of the shift of the 
routes of travel to other places. 

The factors which lead to the selection of a particular route for a 
highway arc numerous, and vary with the culture of the people. In 

'Chiuncy !>. Harrii, "The Ruhr Goal Mining District" Geogrttp^imt Vol J6 

(IM*), pp. 

2/6 


THE MID-I-VTITUDE MIXED FOREST LANDS 



Fig. 72, Ont of China t puisaMe but iomewkst igng^rous moivr tmdt 

general, men seek the shortest route from starting point to destination, 
but they swerve from the straight course to avoid obstacles. Some 
people, like the Romans, are accustomed to building very straight roads, 
and are deflected from the shortest lines only by the most serious ob^ 
Stacies; while other people’s roads wind this way and that in obedience 
to the slightest local advantages of travel. Roads arc fixed at either end 
on the surface of the earth, and, to a greater or lesser degree, at other 
critical points along the way-for example, at passes or low points in 
hilly country, or at river crossings. In crossing an upland the route 
which requires the least ascent and descent Is usually chosen, but not 
uncoramonlv this is modified by the selection of the easiest approaches. 
To people crossing a river, firm landing places on either bank are fully 
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as important as shallosv water. At such points the roaiJs arc fixed in 
position^ but in between they conform to slight local advantages of 
grade or to stretches of dry soil In most parts of Europe the natural 
lines of travel for people on foot or with horses were discovered and 
utilized by the earliest inhabitants.' 

Surface features, how'cvcr, are not the only controls of the road pat¬ 
tern. In many regions the road patterns conform to an arrangement 
prescribed by the survey of land properties. Whether the property lines 
conform to the pattern of roads, or die roads assume a pattern deter¬ 
mined by the survey of properties, depends on which of these two 
things came first. The main highways in Europe usually antedate the 
property lines, and, in fact, form the skeleton to which the latter are 
articulated. The secondary roads, however, arc in many instances fixed 
in position by the land divisions. 

Quite different is the pattern of settlement based on railroads. The 
route selected for a railroad may or may not follow a route previously 
selected for a road. By making use of cuts, fills, bridges, and tunnels, a 
railroad can follow a less devious course through hilly country than 
can a road, and it is dcficctcd less by swamps and riven. But because 
railroad grades cannot be so steep as those of roads, the rail routes arc 
tied more closely to the major advantages of terrain than are tlie 
highways. 

The location of ocean ports, too, has been affected by the ricw tech¬ 
nologies of transportation. Generally it is desirable to establish ports 
for seagoing vessels as far inland as possible. M.iny of the larger com¬ 
mercial cities of Europe were located originally at the heads of naviga¬ 
tion for sailing ships. Places like London, Paris, Bremen, and Hamburg 
arc now beyond the reach of large ocean liners; so they make use of 
out-ports such as Southampton, Le Havre, Bremerhaven, and Cuxhaven. 
Smaller ships can still reach ail these big cities, but the river ports are 
too crowded to accommodate more than a small fraction of the huge 
volume of skipping of die modem era. 

World Distribution of Railroads. The present world pattern of rail- 
roads is the product of only about a century, yet it rev'eals strikingly 
'Gordon East, An Grogrnphy of Europt, London. 1935, 
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the present-day distribution of what we call Western civilization. The 
first railroad was built in 1825. Since that date the strands of tltc rail- 
webs and rallncts have been woven into a closely knit fabric near the 
great Occidental cities. Away from these cities the fabric has a looser 
weavC) until outside the chief areas of Euro-American settlement only 
long, isolated tentacles have been extended- This presenI'day pattern 
is shown on the maps (Figs. 73-74).‘ On these maps a zone of ten 
miles on citlier side of the railroad lines has been left white. Vi bile tlic 
actual zone which tlie presence of a railroad may affect varies with the 
nature of the terrain- ten miles is a convenient average. Western Europe 
and eastern North America stand out conspicuously with their closely 
woven mil webs j other centers of Occidental occupaiice, chiefly in the 
different parts of Groups lU and IV, are distmguisbed by interrupted 
railwebs or niilncts; but beyond the parts of the world dominated by 
the machine culture the rail lines arc few and far between. China 
possesses a net of the loosest weave, and cstn that is the result of Euro 
pcan activities. The railroad is a distinguishing trait of Occidental 
culture, and its distribution is an excellent measure of the spread of that 
culture. The importance of the European regions of Group IV in terms 
of rail transportation is obvious. 

The Significance of Barriers. What constitutes a barrier to trans¬ 
portation? What features of the terrain arc important because they 
Impede or prohibit the circulation of people and goods, or because they 
offer advantages of military defense? The answer cannot be given 
without reference to the kind of human society which is present. The 
search for terrain features which would be advantageous as political 
boundaries is something which has been of concern in Europe during 
all the centuries since political boundaries were first drawm. 

France, for example, was able to achieve national unity behind the 
protection of a scries of physical barriers. The eastern boundary of 

■Mark lcffffsi.li, "The Civilizing Rails," Gto^^hy. Vol. -f (I92fl), pp. 217- 

2J1 Pffffsor Jrffflwn suggRis the iffni- ad..ptcd h«ct indi«ts tliat no p«t of 

is moto than Kn mil« (rom :i «ilr«d: intarupleJ r^tw.b th^t a few 

poieha moro ten miles ham a railroad «».: m/Yorf desenbess. widff spacing of the 
raikMds in which eaeli menij'-mile zone appears » a Ltncli riiJ the 

i»lat«i lines eittcniEng into lerritory oihettvise lacking n.d fact.lia; and ire 

those deached bits of nilioad connecting two seedotu of a natigable stream- 


2J9 


A GF,0<;kAPHY OF MAN 



Fin, 7i. Artui ky raiiroadt. (Prepaid by 

Mark JcfTcf^n) 


France took advantage of 
the Alps, the jura, the 
Vosge^ anti the Ardennes, 
along which lints of de¬ 
fence conlil be maintained 
against the east (Fig. 68). 
The fact that there were 
gaps between each of the 
hilly or mountainous areas, 
and that the plains offered 
easy access around the 
western end of the Ar¬ 
dennes. has long l)cen of 
strategic importance to 
France. In war after war, 
important and critical bat¬ 
tles have been fought in 
the strategic area b^'cen 
the Ardennes and the sea. 
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The nature of modern 
warfaret like the nature of 
peaceful economic pur¬ 
suits, has so changed in 
this period of changing 
technology that the sig¬ 
nificance of the terrain is 
now very different from 
what it was even during 
World War I. No longer 
arc ridges anti hills of 
such importance as strong 
points in defense as they 
were in that war and 
earlier wars. With mech¬ 
anized armies moving 
rapidly in motor vehicles, 
the e.vjstencc of paved 
roads is more import am 
tlian the existence of com¬ 
manding heights. Actually 
a larger force may be 
needed to guard the move¬ 
ment of an enemy along 
passed highways in hills 
than in level plains be¬ 
cause of the many hidden 
places along the winding 
roads of the uplands, 
Worhi War II demon¬ 
strated the case of military 
movements in the Ar¬ 
dennes, a region long con¬ 
sidered as a major strategic 
barrier. Strong points of 
defense in that war were 
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offcrwl by the stone houses and narrow streets of the small towns 
where roads came together and around which It was not possible to 
pass without leaving the roads. Now. with the use of air-bortic armies 
and rocket projectiles, the significance of terrain must be interpreted 
anew'. 
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The Political Units of Europe. Unfortunately the people and re¬ 
sources of Europe arc divided among some twenty sovereign states, and 
the boundaries between these states arc matters of the greatest signifi' 
cance to the people. The rise of the spirit of nadonahsm accompanied 
the rise of die industrial society, and, in fact, was largely produced by 
it. Yet one of the basic contradictions of Occidental thought at the 
present lime is the ciiistence of ideas of international economic inter- 
dependence along w'ith ideas of national economic sclf-siifBcicncy and 
international political irresponsibility. The continent of Europe has the 
physical resources, the technological skills, and the man power to form 
one of the major aggregates of economic power on the earth, com¬ 
parable to tliat of the United States, the British Commonwealth of 
Nations, and the Soviet Union. But Europe is split into separate states, 
plagued by the fear of foreign aggression, hampered by the urge to 
achieve economic sclf-suffieicncy, and dominated by the hatreds en¬ 
gendered in two great wars. 

Because of the importance of political units in the current period— 
^'batever may be our aspirations, the fact is that in the im- 
mediate future aggregates of economic and military power witbtn 
political areas arc basic realities that cannot be overlooked—we must 
analyze the problems of population and the relation of people to the 
land in terms of national territories- Political geography is a field 
which attempts to analyze the significance of differences from place to 
place within political areas, and so to draw conclusions concerning the 
economic or military capabilities of states. As tw'o c-xaniples of the 
methods used in making such analyses we shall consider in turn the 
geographic structure of France and of Germany, 

Fiance. From behind the string of physical barners which once 
offered a degree of protection from invasion, the nation of France 
emerged from the medieval period. The strongly marked national 
character of France was not easily created. It is the product of cen¬ 
turies of struggle during which the many separate and contrasted re¬ 
gions of the country were brought together in a closely knit political 
entity. The map suggests the variety of kinds of country existing in this 
area (Fig. 68). There h the warm, sunny Mediterranean coast, the 
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nigged Alps, the rounded, hilly lands of the Massif Central, the cool 
rainy hills of Brittany, the limestone areas where surface water ii not 
easy to find, and the flat, muddy plains of Flanders. Physical differ¬ 
ences are matched by differences of dialect and differences of product 
The question Is raised again and again for each generation of French¬ 
men: :s this diversity to be a source of strength or of fatal weakness? 

Paris is the one great urban center of France. When the Industrial 
Revolution came to France, Paris had achieved its political and social 
conquest of the rest of the country, Its commercial conquest was never 
m doubt, At first its growth was small, for the outline of the city in 
1300, shown on Fig. 76, was the result of many centuries of slow popu- 
laiion increase. When the fortifications of 18^0 were built around 
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the chy they iiicludetl a bullMip area only slightly larger than that of 
half a century earlier, and there was nothing beyond. But the fortifica¬ 
tions were soon overran by the expanding city. They liavc now been 
leveled and used for the fine boulevards which surround the central 
part of Paris. By 1861 the city had more than a million inhabitants. 
By 1901 the urbaji area had expanded up and down the Seine Vallcyj it 
had invadeil the valley of the Marne, and toward the w'cst It had almost 
reached the formerly separate Versailles. Today the metropolitan area, 
which is much larger than the political city, includes a number of once 
independent municipalities. Paris has become the primate city not only 
of France but, to a certain extent, of all the countries wjiose pcfople 
speak any of the Romance languages. 

Meanwhile France in the industrial society was not so well off in 
terms of economic and military power as it had been in the pre¬ 
industrial society. The country possesses excellent and varied agrkul- 
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tiiral Iftndis. and U is in ore nearly self-sufficient in terms of foot! tlian is 
Great Britain. In the pre-industrial world France had the agricultural 
production to support a numerous population, and it had the advan¬ 
tages of easy communication along its fine rivers to lead to the develop¬ 
ment of commerce. But as an industrial power it is handicapped by 
the lack of coal. To be sure, France possesses large resources of iron 
ore in Lo^rainc^ and it has large quantities of potash aiul bauxite (the 
ore of aluminum). But the lack of coal meant that in the early davi 
of industrial development in Europe the iron-and-steel-manufacturing 
centers were in other countries, although a lesser steel industry was set 
up in Lorraine based on imported Ruhr coal. Indtistries made use of 
France's meager supplies of coal in the north along the Franco-Bclgian 
bonier, in the Massif Central, and in the Rhone Valley arounti Lyon 
(Plate ZJ). A great variety of industries were built on the outskirts of 
Paris, where the necessary' raw' materials and fuels couki be brought by 
rail and river boat. France utilized its water-power resources for elec¬ 
tricity, and by this means in pan compensated for the scarcity of 
domestic sources of coal. The industrialized areas, however, are mostly 
locatesl in relatively vulnerable positions from the point of view of 
military attack. 

The import of essential industrial raw materials and fuels was paiil 
for in part by the cxpiirt of numerous agricultural specialties. France 
lias long been famous for its wines; the various contrasted districts of 
France have given their names to such well-known types of w'ine as 
Burgundy, Bordeaux, Champagne, and others. Other districts have 
become equally famous through the production of specialized types of 
cheese, such as Camembcft. Most of France is tic voted to the raising of 
wheat, and of grapes and other fruit. In the south there is a narrow 
zone of wheat and maize farming; and in the north, from Brittany 
into Belgium, the land is used chIcHy for dairy cattle, hay, sugar beets, 
and apples (Fig. 78). 

France was the first country of Europe ro reach a static population. 
In the early eighteenth century, before the beginning of the Industrial 
Revolution, France had the largest population of any country of Europe. 
Its favorable soils and location in terms of the pre-industrial society 
gave it strength in terms of population density. But the significance of 
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soil and location changed with the advent of the industrial society, and 
France dropped beltind. The population of Germany passed that of 
France about 1870, that of the BritUh Isles about 1900, and that of Italy 
in 1930. Meanwhile France’s population would have actually declined 
during the period between World Wars J and H bad it nor been for a 
considerable current of immigration from North Africa and from other 
parts of Europe, The population was about 41j900,000 in 1936, and 
41,200,000 in 1945; it is estimated that by 1955 it will have dropped to 
40300 , 000 , and by 1970 to 36,900,000- Prance is a country w'hlch has 
gone through the period of increase associated with the arrival of the 
industrial way of livmg, and has reached stability at a new- level of 
density. In other words, France is demograpliically mature. Produce 
tion is more restricted by man-power shortage than by lack of raw 
materials, France has scarcely the man power needed to maintain the 
remnants of its once extensive colonial empire, especially as the posses¬ 
sion of most of its colonies is a financial liability rather than an asset. 

All France’s current intentions, capabilities, and unsolved problems 
must be intcrprcinl against this background of land and people. Lack 
of coal is not necessarily a weakness; there are other kinds of specialized 
production that can bring substantial income and can pay for necessary 
imports. Dense and rapidly Increasing population is not necessarily an 
asset; there are many advantages for the country which has achieved a 
stationary popularion. France suffers from the idea of nationalism 
(which the French tliemsclvcs were among the first to develop) not 
because the love of country is bad, but because the love of country in an 
industrial society must be illuminated by an understanding of the fact 
of international interdependence and rcsponsibilitv- France as an inte¬ 
gral part of a federated Europe wouUl be very well off indeed. 

Germany. Germany is another country the territory of which is 
made up of a great variety of contrasted prts; but Germany, unlike 
France, had no protection along its borders during the early centuries 
of European settlement. The barriers within the country were greater 
than those around its margins. It was crossed from east to west and 
from south to north by major routes of travel. Meanwhile the Germans 
themselves were pushing easmard at the expense of the Slavs, The 
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German advance followed iwo chief directions: northeast and south¬ 
east. Germans moved along the south shore of the Baltic, establishing 
commercial towns in the mitlst of rural areas stUI solidly occupied by 
Slavic peasants. A German colony was established even as far cast as 
the Volga River (Fig. 69). The German atlvance was also channeled 
down the Danube. Meanwhile Slavs remained solidly entrenched 
behind physical barriers such as the marshes of western Poland or the 
wootled ramparts of the Erzgebirge and the BdhmcrwaUi (Bohemian 
Forest) (Fig. 68). 

The industrial society developed very rapidly in certain parts of 
Germany, The great Ruhr industrial district, as we have seen, was built 
lictwccn 1850 and 1913. With this enormous natural resource, Germany 
developed during this period as the economic heart of Europe, It ab¬ 
sorbed a large share of the exports and supplied a large part of the 
imports of the countries on its borders, and of those farther away to the 
northeast and the southeast. To some countries, such as Latvia, Estonia, 
Hungary, Yugoslavia, and Bulgaria. Germany supplied more than 30 
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per cent of the total imports and took from them a correspondingly 
large proportion of the exports in the period before World War II. 
Other countries, including some with even a smaller proportion of total 
trade with Germany, were dcpentlent on German coal. No decisions of 
foreign ministers and no decrees by persons in political power can 
change the stuhlwrn geographic fact that the Ruhr includes half the 
coal of Europe and an even larger proportion of the high-grade coking 
cool. All Europe is dependent on the Ruhr. 

Industrial development within Germany vvas not restricted to the 
Ruhr. There was also the smaller, but signiJicani, Silesian Industrial 
District on the former border of Germany and Poland. There was the 
Saar District, so much desired by France on the border of which it is 
located, but so stubbornly German in sentiment. The Central Indus¬ 
trial District of Germany was developed between Hannover and Leip- 
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zig, based in {>art on ihe utiliiiation of large supplies of Ugnitc, or brown 
coal, which could be used for the chemical industries anti for the gen¬ 
eration of electric power. The Ruhr, in 1937, protlucetl 6S per cent of 
Germany’s coal and 73 per cent of Germany’s steel, but there were 
many other types of industry which were developed, in part for strategic 
reasons, in areas not previously industrialized. Germany led the way 
in the use of new technologies for the manufacture of all sorts of things 
from substitute materials. Lacking most of the necessary industrial raw 
materials, such as iron ore, ferro-alloys, bauxite, and many others, the 
Germans discovered ways to make new substances from wootl and coal, 
By complex industrial processes, even petroleum and rubber were made to 
compensate for the lack of access to sources of the natural raw materials. 
Germany’s defeat in World War II was not due to lack of raw materials. 

Germany also had a large food-producing area. Although it lacks 
the variety of Frcncli farming areas, it tlid protiuce more of the basic 
necessities in the prewar pcriotl than did France wlieat, b>irley, rye, 
,md potatoes. Most of Germany’s surplus food-producing areas were 
located in the east. 
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Political unificatiDn came to Germany much later than to France. 
Not until 1870 were all the separate political units brought under one 
national government. Even then, however, the basic diversities of Ger¬ 
many had not been reconciled. The industrial society was firmly estab¬ 
lished in the west; but the cast, especially the powerful state of Prussia, 
remained cssendally pre-industrial in economy and political outlook. 
The industrial part of Germany provided the economic and military 
power; the pre-industrial part provided political and military leader¬ 
ship. Only a strong central government could hold such diverse groups 
together. The result of this effort to combine the industrial and the 
pre-industrial was disaster not only for the Germans but for all the 
rest of Europe, and perhaps for Occidental society itself. 

Before World War 11 Germany included an area of 181,699 s<^uare 
miles, and had a population of about 67,000,000, which had increased 
to 69,500,000 in 1940. This large population was the result of very rapid 
expansion during the latter half of the nineteenth century. Until 1910 
Germany had the highest birth rate of northwest Europe; but by 1933 
it had one of the lowest. In .spite of the Nazi policy of urging an in¬ 
crease in the birth rate, the German population was about static in 
1939. It was estimated that by 1955 che population would have reached 
a peak of 72.200/100, and thereafter would liavc declined to about 
69,800,000 in 1970. As a result of the war, however, Germany lost all 
its territory east of the Oder atid the Neissc; its area is now about 
1'42,000 5C|Uare miles. Germans moving back into Germany frotn areas 
farther cast have raised its total population to about 71,000,000. By 1955 
its population will have increased slowly to about 73,000/XK), but it may 
have declined below this figure by 1970. 

With Germany defeated, the victorious nations face a difficult policy 
decision. All of them hope to remove the fear of another w'ar of aggres- 
sion from this source, and for this reason it is desired to restrict the 
rebuilding of German industries. Yet the output of the German indus¬ 
tries and that of the German coal mines are needed for the reconstruc¬ 
tion of Europe and for the maintenance of a high level of living in that 
continent. German coal is so located that it cannot easily be incorpo¬ 
rated in the territory of another state; yet to leave it to the unrestrietd 
use of the Germans could mean a renewed war effort. Moreover 
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German indusirial skills are needed, and any attempt to reduce the 
level of living of such a large number of people as make up the German 
industrial population to the level of subsistence farming would in- 
cvitably depress the living standards of all the other parts of the con¬ 
tinent. The fact of interdependence is a reality which cannot be 
avoided, but too tnany people arc still thinking in pre-industrial terms. 

NORTH .\MERICA 

The third of the three major areas of Group IV in the world is in 
eastern North America. The mid-latitude mixed forest lands of North 
America are only a little smaller than the similar regions of Europe, 
but they are occupied by a much smaller population. Within these 
regions in Europe there arc thirteen cities with more than a million in¬ 
habitants; in NortJv America there arc ten such cities, in Europe the 
density of rural population is generally more than 100 people per square 
mile; in eastern North America the density is mostly between 25 and 
50. Hut the North American area stands foremost in the wJiolc world 
in terms of productive capacity, and so in the living standartl of its 
people (Plate 1). 

In some ways the eastern pan of North America is remarkably 
similar to western Europe. As Carl Sauer points out "it would be im¬ 
possible to cross an ocean anywhere else and find as little that is un¬ 
familiar on the opposite side The mitl-latinidc mixed forests of both 
areas contain many of the same kinds of trees. The climate of both 
areas is characterized by variable and stimulating weather, and by an 
abundant, but not excessive, supply of moisture. To be sure, the winters 
of eastern North America arc colder than those of western Europe, and 
the summers are hotter; but the difference is not so great that irnpor- 
tant changes in clothing or housing were necessary. The surface of the 
land, too. was familiar to the Europeans—there arc similar lantlforms 
resulting from geological processes already observed in Europe. And 
there is the further elcrncm of similarity, which became important after 
the emergence of the industrial society, in that both parts of the world 
arc abundantly supplied with coal. 

"Carl SaticTi ‘Thi: Settlement Cfl the Humid East," So CJimnrr und \fan. yearbook of 
the U, S. r>cparimcriE of Agriculnuc, pp- 1^-166, 
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In certain ntlicr respects, especially wirli rcgartl to the prcKtcss of 
scrtJcnieijr. eastern North America anil western Europe arc very dif¬ 
ferent. The aboriginal inhahUants of eastern North America were few, 
and they were almost completely eliminated by the invading Euro¬ 
peans. Several European countries were involved in the colonization of 
North America: there were the Spaniards, who, because tlicy avoided 
the humid forest areas, were not important in the regions of Group IV; 
there were the French, whose search for furs spreatl them thinlv over 
the great interior of the continent, but who formed concentrated agri¬ 
cultural settlement only along the lower St. Lawrence Valley; and there 
were the Dutch and English, whose compact colonics along the eastern 
coast provided the settlement base from which pioneers carried the 
European way of living westward across many different kinds of land 
to the Pacific. The Dutch W'crc eliminated as a result of wars fought 
in Europe: and thirteen of the English-speaking colonies, after declar¬ 
ing their independence, succeeded against odds in forming a single 
nation instead of thirteen separate and sovereign nationalities. The in¬ 
dustrial society, therefore, came to America at a rime wlieii tJiere were 
two conditions in the New World which were not to be found in the 
Old World. One was the presence of a rich endowment of natural re¬ 
sources in a land essentially unoccupied. The other was a wide area of 
unrestricted commerce whihiii the boundaries of one nation. 

The Sctllemcnt of North America. The first colonists came to 
America not to raise crops, but to tratlc and fish. The products they 
wanted to send back to the homeland included furs, fish, spices, dye- 
woods, and naval stores {tar, pilch, turpentine, resin, etc): and, of 
course, precious metals and jewels, if these couk! be found. Only after 
many attempts to maintain colonies with food brought from Europe 
did the settlers in the New World turn to the production of crops. 

When they did begin to raise thdr own fofxJ, they adopted the crops 
and farming methods of the Indians. Tliroughout eastern North 
America they based the agriculture on the Indian grain—maize; and 
along with maize they used sc^uash and beans. Also, instead of follow¬ 
ing the traditional European practice of clearing each field of its trees 
and stumps before plowing, they used the Indian technique of girdling 
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the trees, and they planted their crops ui irregular hjJls among the 
stumps. This kind of farming caused endless criticism from European 
travelers, accustomed to neat fiekls with crops planted in rows; but it 
persisted for more than two centuries wherever subsistence farming 
was practiced. 

The early colonies along the Atlantic seaboard were notably dif¬ 
ferent with regard to the basic patterns of occupance. In New England, 
settlement was usually in the form of compact villages, from which 
farmers went forth to cultivate the surrounding lands. The widespread 
literacy, the interest in educational matters, the development of such 
democratic institutions as the town meeting could appear in places 
svhere people live close enough together, but not so easily where they 
arc widely scattered. The dispersed pattern of rural settlement of the 
"middle colonies" fNew York, Pennsylvania, and Maryland), where 
families lived on Isolated farms, mailc community life more difficult. 
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In the southern colonies the plantation system was adopted^ with homes 
of the many workers clustered about the mansion of the wealthy land- 
owner, who alone could afford the services of a tutor for his children. 

The southern colonics were the first to adopt commercial agricul¬ 
ture^ Into Virginia the colonists brought tobacco seedSp probably from 
the West Indies by way of England. Just at diis time the English were 
learning to smoke, and the Virginia colonies achieved great prosperity 
bv supplying tobacco to the home markeL Cotton was introLluccd into 
the southern colonics through Charleston, in South Carolina^ and ixs 
cultivation on l 3 .rgc plantations was also made profitable by the Eng¬ 
lish market. Because commercial agriculture was so profitable, many 
ntore ^^wkers WTre needed than could be supplied by the colonists 
themselves, and so they began tlie imponatiorii of Negro slaves. The 
South began to appear as a distuict economic and social regioop 

The Pioneer Movemeun Nor far inland from the colonics along the 
cast coast, the Appalachian Highlands imposed a barrier of forested 
hills and low mountains which impeded westward migration (Fig, 
82). The French, who settled along the St, Lawrence, found an easy 
route inland, and following tiie Great Lakes they crossed easy portages 
to the headwaters of the Mississippi. Over the vast interior of North 
America they spread a d:kin net of trading posts. Many of the large 
cities of today-—such as Chicago, Detroit, and St. Louis^-originatcd as 
French trading posts. Dutch settlements Jiad spread up the Hudson 
Valley, but when the English received New Amsterdam they found 
the way westward through the Mohawk Valley stopped by warlike 
Indians and hostile French traders. The English colonies expanded 
laterally parallel to the coast until, by the early eighteenth ccnturv% 
tbere was a continuous belt of settled country all the way from 
Massachusetts to the Carol inas. 

The first westward movement originated in the middle colonies. 
The pioneers crossed the Appalachians by chief routes: by the 
Susepjehanna and Juniata rivers to the headwaters of the Ohio, and 
thence down the Ohio by way of Pitisburgh as far as the Mississippi^ 
and bv ihe Cumberland Gap to the Blue Grass Basin of Kentucky and 
the Nashville Basin of Tennessee. After the Mohawk Galley had been 
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cleared of Indian; and the canal had been built from Albany to RutTalo, 
in 1825, there was a strong movement of pioneers from New England 
and northern New York into the region of the Great Lakes. In the 
south, also, pioneer settlers were moving westward, chiefly into Ken¬ 
tucky from \irginia, and from the Carolinas and Georgia around the 
southern end of the Applachians to the Mississippi, Eventually 
these westward movements, supported by a tide of inimigratlon from 
Europe, pushed on into the grasslands to the west (Plate 10) and 
initiated one of the most remarkable periods of economic history—^a 
story we shall tell in connection with the regions of Group V. 

Patterns of Population in Eastern United States. The patterns of 
population which have emerged in the modern pcrifxJ must be de¬ 
scribed in terms of their origins in the early colonial period. The fact 
that the first stream of pioneers to cross the Appalachians came from 
the middle colonics accounts for the patterns of rural settlement devel¬ 
oped throughout the .Middle West. The dispersed pattern of farms, the 
large barns detached from the houses, even the basic "corn-hog” type 
of farming, came from the English, German, Scotch-lrish, and other 
colonists of the region between New York and Maryland. 

The details of the pattern of settlement var>> from place to place. 
The scries of block diagrams (Fig, 84) suggests certain characteristic 
relationships of settlement and underlying terrain that can be observed 
at many places in eastern United States (except that the rectangular 
patterns are found only in tho-se areas settletJ after 1785), Where the 
valleys arc narrow and V-shaped, they are commonly left in forest, 
ivhereas the roads and farms arc concerurated on the level uplands, in 
some regions there are discontinuous bits of valley fiats along the river 
with small settlements on them, but the larger area is still on the more 
continuous uplands. There arc other eases where the uplands are dis¬ 
continuous, but the valley bottoms arc the chief farming areas. Ami 
there are cases where the uplands are too steep and narrow-crested to 
permit much settlement. 

Along the floodplains of large rivers, such as the Mississippi, the 
pattern of settlement is likely to take on a crescentic arrangement in 
liarmony with the arrangement of somewhat higher ground along the 
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immedkre river channel or former channels (Fig. 86). The farm pal- 
icms on the valley bluff which marks the edge of the floodplain and 
on the higher country back from the river are cjuiic different from that 
of the river bottoms, a fact which can be observed strikingly from the 
air. In the United States, w'herc maize rather than rice is the chief grain 
crop, the floodplains of the rivxrsarc thinly settled, and there arc manv 
more people on the higher ground away from the rivers. In a similar 
situation in China, the rice-growing Orientals have developed the 
opposite patterns of settlement, concentrating on the floodplains rather 
than on the country away from the rivers. Furthermore, the chief 
towns along the larger navigable rivers, which occupy sites perched on 
the valley bluffs safe from flood waters, nevertheless have been locatevl 
at places where the river in its meandering swings against the base of 
The bluil (Fig* 87 ). 

Settlement in eastern United States, as in most Occidental regions, 
was liirst establishetl along the main pre-existing lines of travel. The 
Indian trails and the rivers which were navigable for canoes were the 
first routes along wliich settlement advanced. The map of Michigan 
{Fig. 85) shows the relation of the Indian trails to the terrain, and 
suggests the extent to which the aboriginal pattern of settlement fo^sed 
on the same points which later emerged as great cities. Detroit owes 
its location to the existence of firm gravelly banks w^hich permitted 
easy landings on both sides of the Detroit River. The Indians used it 
so frequently that the French placed their trading post there. Many 
of the main automobile highways of the present day follow very closely 
the routes first laid down by Indians on foot. 

In 1785 the Federal government of the United States adopted a 
uniform pattern of land survey-a rectangular pattern based on square 
mile sections (Fig. 116). In most parts of the country settled before 
1785 there are irregular field boundaries and winding roads. The parts 
of the country settled after 1785 arc dominated by the right-angle pat¬ 
tern. oriented to the cardinal points of the compass. However, in many 
parts of the forested regions, the first routes of penetration were still the 
Indian trails, which conformed to no systematic pattern. Main roads 
therefore, in many cases cut at an angle across the north-south or east- 
west roaik. The basic pattern, too, is interrupted in places by such 
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natural objuacks lakes, swamps, 
rivers^ or steep slopes. A detail 
which illustrates these features is 
show’n on the map of Perham and 
vicinity in Minnesota (Fig, SS). 

The pattern of people in the 
stare of Pennsylvania shows to w*hat 
extent population and setticmeitt 
are fitted to the underlying terrain 
(Figs, S9 and 90). Where the par¬ 
allel ridges and valleys ol the 
Appalachian Highlands develop a 
strongly annular arrangement of 
the drainage, the population rc- 
fiects tills characteristic of the lantl. 
West of the Allegheny Front, 
where the Allegheny Plateau is 
cut hy streams arranged in a den¬ 
dritic pattern, the population also 
refieers this condition. Even in the 
great cities the shape of the ter¬ 
rain is a matter of great signif¬ 
icance in the develonment of the 
urban structure. 

In North America, as in F.urope. 
the first settlements were made in 
the era of horses, and roads ^vcrc 
fixetl in accordance with the factors 
previously discussed. Later, when 
railroads w^rc built, some notable 
rcad)ustmcnt5 were made. The best 
farm lands in the hilly interior of 
New England are generally, but not 
in every case, on the uplands The 
valleys, filled with sandy and grav¬ 
elly glacial deposits, arc generally 
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poor for agriculture. So the eaLrlicst towns were on the uplands—for 
exam pk, Grafton and Sutton (Fig. 91), on either side of the Black- 
stone Valley in Massachusetts. The situation at that stage was no: un¬ 
like the conditions shown hypothetically on block c of Fig. 34, except 
that the valley bottoms were unoccupied because they were too sanely. 
When textile industries Hrst appeared in New England they were 
placed at small water-power sites, such as Millbury. And later the rail¬ 
roads ran through the valleys to avoid the steep grades by which the 
uplands wxrc reached. Millbury grew; but Sutton and Grafton became 
sleepy little villages until summer visitors from the large cities not far 
away came to tlicm for summer homes. In many instances hill towns 
have declined or disappeared. But the new towns along the railroads 
have prospered. There arc examples of whole communities which have 
been moved downhill into the valleys. There arc other examples of 
towns which have been extended to near-by railroads, such as Prince¬ 
ton, Illinois (Fig. 92), where the result has been the development of 
two trading centers. 

Agricultural Regions. Only gradually have the present agricultural 
patterns of eastern NortJi America made their appearance. At first there 
was very little difference between one place and another. The European 
grain crops were tried, but very quickly the colonists adopted both 
Indian crops and Indian methods. In the course of umc, however, cer¬ 
tain areas became differentiated from other areas in terms of agriculture. 
Near the great cities, today, tliere arc concentrations of truck farms and 
dairv farms. Almost all New England, New York, and Pennsylvania 
supply fluid milk to New York, Boston, and Philadelphia. In other 
places there arc highly specialized areas where the farmers h.ive found 
the physical condirions especially well suited to the production of one- 
product; for example, the potatoes of Aroostook County in Maine, the 
cranberries of Cape Cod, the tobacco for agar wrappers of the Con¬ 
necticut Valiev, or thf orchards and vineyards of the shores of Lake 
Ontario Lake Eric, and Lake Michigan. The Corn Belt, which is one 
of the liiaior agricultural regions of the United States, has its eastern 
end in the previously forested areas of Ohio, but its greatest develop¬ 
ment is in the grasslands farther west. South of the Com Bell the farms 
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of Kentucky and Tennessee ruisc chiefly maize and wheat, with certain 
specialized districts devoted to tobacco. Still farther south is the Cotton 
Belt, winch extends from the Carolinas to Texas. Along the Gulf coast 
and in Florida the long growing season permits the growth of tropical 
or semitropical crops. There are areas devoted to sugar cane rice 
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and citrus fruits. The factors which have kd to the development of 
the major agricultural regions of North America wnll be dlscus^d in 
the chapter dealing with 
Group V. 

Cities and Industries in 
Eastern United States. 

M.inufacturitig industries 
appeared in the United 
States shortly after the 
Revolutionary War. To be 
sure, there had been small- 
scale iron smelters and 
other manufacturing of 
local significance long be- 
fore; but New England 
was the first part of the 
United States to become 
predominantly industrial. 

Now the largest concen¬ 
trations of industry arc 
outside New England. In 
the late eighteenth century 
or early nineteenth cert' 
tury it would have been 
very difhcuU to predict 
what kinds of mdustry would localize in difiercut places. One could 
scarcely have failed to predict the preeminence of Pittsburgh and Chi¬ 
cago, but none of the other great industrial areas were so obvious. 

The way m which the human factor operates in cstablisiilng the 
original patterns of industry can be illustrated by the story of the first 
cotton mills. Many Americans, after the Revolution, wanted to build 
machines such as they had seen or heard of in England, but no one bad 
been able to build such machines, and the English would not permit 
their export, in response to a pHze offered in Philadelphia for informa¬ 
tion about textile machines a young man named Samuel Slater came to 
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America with enough information in his head to reconstruct a workable 
machine from memory. However, the Philadelphians, with characteris¬ 
tic caution, refused to risk their money' on Slater's machine. New Eng¬ 
landers, on the other hand, were ready to back him; and in 17M the Rist 
cotton mill in dAmerlca was started in Pasvtucket, Rhode Island, near 
Providence. Thus New England radier than Pennsylvania became the 
leading cotton textile region of the United States because of the attitudes 
and temperament of the people, not because of anyadvantages of location. 

Furthermore, the distribution of the textile industry within Massa¬ 
chusetts and Rhode Island was the result of unpredictable historical 
factors. When Slater showed that machines could be built to produce 
cotton thread, knowledge of steam engines to furnish the power had 
not reached America. The only source of power was falling water, 
used directly through a mill wheel to turn the machinery. Since each 
factory had to be within a hundred feet or so of the mill wheel, there 
w'as room for only one factory at each power site, or at the most two. 
if both sides of a stream could be used. Small water-power sites were 
therefore just as valuable as large pow'cr sites. Along all the New 
England streams there arc numerous falls and rapids, and at each place 
where a small tlam could be inexpensively built, small industrial towns 
were established around a mill- [ndustrics were scattered all through 
the valleys of interior New England. 

Scarcely thirty years later the significance of these resources was 
wholly changed. The application of steam power gave an advant.ige 
to mills located at tidewater, for the coal had to be imparted by barge 
along the coast. Within a short time, however, railroads, which w-erc 
built rapidly after IbiO, provided adequate connections for all tlic scat¬ 
tered little industrial towns. Where canals had been started (as in the 
Klackstone Valley above Providence), they were promptly abandoned 
in favor of the cheaper railroads. The many small manufacturing 
towns were therefore able to survive and to this day can be found in 
the hilly New England interior. 

The study of each industrial concentration brings to light a story 
similar to that of the early New England te.xtilc mills. But once a 
district becomes known for a specialty and skilled workers become 
available, there is a definite economic ai!vantage for other similar or 
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closely related industries to select the same locations. So it is that the 
Provideitcc-Fall River area is the chief center of high-grade cotton tcjt- 
dles in New England today, and has survived even the removal to the 
South of most of the cotton textile industries which require less skill. 
Woolen textiles arc concentrated nortti of Boston (Fig* 93)* and 
Boston itself is one of the largest of wool depots. Shoe manufaemre 
is localized in eastern Massachusetts. The lower Connecticut Valley is 
noted for its metal industries and its manufacture of complicated 
machinery. Holyoke, in Massachusetts, is a center of paper production. 
In all these industrial districts of New England, wliich cover less than 
1 per cent of the area of the United States, there arc about 5 per cent of 
tlic people of die United States, and 10 per cent of the manufacturing 
in terms of value. More than 75 per cent of the people of New England 
live in towns and cities, leaving large areas of surrounding countryside 

almost emptv of human inhabitants. 

Outside of New England other vast industrial concentrations have 
appcarcil. One of the worlds greatest iron-ami -steel-making districts, 
the Pittsburgh-Clcveland District, is located in western Pennsylvania 
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und cs&Ecrn Ohio. Anothcf, the Chicago areaj is locjitcd at the soutliejm 
end of Lake Michigan. Coal is supplied to tlicsc districts from the 
Pennsylvania-West Virginia fields, and from the Illinois fields. Iron ore 
is brought by late steamer from the great ore deposits of Minnesota 
and northern Michigan on Lake Superior. Iron ore and coal are also 
brought by boat and by rail to Detroit, center of the automobile indus¬ 
try (Figs, SW and 95). Smaller industrial cities and towns, each with a 
specialized type of manufacture, arc scattered widely over New York, 
(Jhio, Indiana, and parts of neighboring states. 

Chicago, the second chy of the United States, combines both com¬ 
merce and industry. The advantage of its site, where the position of 
Lake Michigan produces a focus of the east-west lines of travel, has led 
to the concentration there of commercial activities serving a wide area 
of the inicriar of North America. The geograpliical div of Chicago 
extends from Evanston on the north to Gary on the cast', and around 
the huge metropolitan area there is a ring of satditc cities, including 
Michigan City, Joliet, Aurora, and Elgin. 

Throughout eastern United States there are scattered Industrial and 
commercial centers, each serving a distinct portion of the national ter- 
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ritory. In ibe nonhwea are Minneapolis and St. Paul, the twin Mra 
that face in opposite direetions; in the west is Si. Loins and Kansas Qty. 
in dw southwest are Dallas and Fon Worth, and tlie several t^vtog 
Texas ports; in the south is New Orleans; near the sonihern '"<1 ^ 
Appalachian HighlanJs is Birraingham, an importani center of hca%> 
inZstry based on local sources of iron ore and coal: on the piedmOTt 
of Nor* Carolina, supplied with a network of eleeme transmt-ssion 
lines, are corton textile industries and tobacco industries. 

The gteat urban centers of the Middle Atlantic region whwh are 
located on Chesapeake Bay and Delaware Ba, or the navigable rivers 
ihat enter those bays have a great advantage over inland ernes in the use 
of imported taw materials Baltimore is a center of heavy industry- 
steel. copper, fertilizer, and other manufactures dependent in lar^ pan 
on overSs materials. As the iron ores of the Lake Supenor regum are 
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usal up, the steel itidustry iit the United States will have to depend 
more and more on imports of ore from Brazil, Venezuela, and Chile, 
as w'cll as from North American sources, and this dependence will be 
to the advantage of Baltimore. Wilmington will also prosper, for its 
great chemical works utilize many imported materials. Philadelphia is 
a great commercial and industrial city, manufacturing mostly con¬ 
sumer gootls. These ports, including also Norfolk and New York, all 
of which have the advantage of deep w-ater close to the docks, handle 
approximately half of all the vast volume of foreign commerce of the 
United States, This is a focus of the currents of commerce which is 
similar to that on the North Sea ports of Europe. In peaceful limes the 
greatest volume of commerce in the world passes between these Middle 
Atlantic ports of the United States and the North Sea ports of Europe, 

New York, The primate city of the Unitetl States is New York. This 
is the one urban center which stands out above all others, and in it are 
concentrated many millions of people, many of the most important 
skills in the United States, and huge aggregates of Hnancial power. The 
city performs all the urban functions: it is a commercial and financbl 
center of w’orld-wide significance; h has an enormous concentration of 
manufacturing industry, chiefly of consumer goods: it is a city which 
provides recreation for many millions of people from distant places; 
it is a major center of art, music, and literature; and in recent years it 
has become the seat of the United Nations organization. On it are 
focused the interests and hopes of the entire world. 

The geographical city of New York extends far beyond the political 
city. In the cast it includes politically independent cities at least as far 
as the border of Connecticut. It includes Brooklyn, Manhattan, and die 
Bronx cast of the Hudson River. West of the river in New Jersey the 
metropolitan area takes in Icrsey City and Bayonne along the Hud¬ 
son, and, west of a belt of marshes, Elizabeth, Ncivark, Passjiic, and 
Paterson- The heart of all this enormous metropolis is Manhattan 
fFigs. % and 97). 

New \'iirk Citv owes its ItKation lo a variety of factors. Hie Dutch 
at Lin i-arlv dale recognized the strategic value of Manhattan Island, 
commanding the outlet o! the easiest route of travel across, the ,\ppa- 
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lachians. Warfare restricted the value of this route until after 1812, and 
its full value was not realized until after 1825. The dcvcloptncm of 
New York’s connections to the Middle West took place just at the be¬ 
ginning of the period of great expansion westward. Then, also, few 
great cities are built on sites which possess such natural advantages 
The Hudson River is wide and deep; Manhattan Island and the ncar-bv 
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shores of Long Isliind and New Jersey arc firm anti rocky. The East 
River and the Hudson meet in the Upper Bay, which is large enough to 
accommoclatc a vast amount of sliipping. The Port of New ^ ork has 
a water frontage of some 770 miles, not all of which is yet developed. 
But all these advantages could scarcely have resulted in the growth of 
so large a metropolis were it not for the location of New ^ ork with 
reference to Europe. The exchange of people, goods, and ideas with 
Europe is a fundamental fact of American life, and New York is as 
much a reflection of these currents of cxcliangc as it h of local advan¬ 
tages. Nor could New York have appeared at all e.xccpt for the rise of 
the industrial society, with all the attitudes, objectives, and technical 
skills implied by that term, 

Canadian Settlement in Group IV, The itiid-latitude mixed forest 
lands of North America are not without national boundancs. .Moiig 
the northern border of Group IV is Canada, separated from the United 
States along the "unguarded frontier" which separates two friendly and 
ccMjperative peoples. The national territory of Canada stretches far to 
the north into the regions of Groups VI and VII, and westward into 
the grasslands of Group V. But meut of tlic Canadian people are con¬ 
centrated in two separated areas close to the border of the United States, 
one cast of the Great Lakes and ilte other to the west of them (PLitc 1>. 

Canada, moreover, is strongly divided between two diverse groups. 
There are the English-speaking Canadians, who are predominant in 
the country westward from Montreal and in Nova Scotia^ and there 
arc the French-speaking Canadians, who form the majority of the in¬ 
habitants in Quebec, The attitudes and interests of the two groups are 
not always casv to reconcile. 

Most of eastern Canada is too tar north for grain-farming. The 
chief use of the land is for hay and dairy products. In the narrow bit 
of land between Lake Ontario and Lake Erie is Canada’s major fruit- 
raising area. Toward the north the shortness of the growing season, 
as well as the poverty of the glacial soil, greatly restricts the signifleance 
of agriculture. In Nova Scotia, where the proximity of the ocean 
tempers the length and severity of the winters, apple orchards are of 

importance. 
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Csnadii lias no primsitc city. Montreal^ with 3 ^ poputstion of more 
rhati a million^ Is the largest city, and it owes this pre^rrainence to its 
location at the head of navigation for ocean steamers on the St. Law¬ 
rence River. Toronto, on Lake Ontario, is only a little smaller than 
Montreal Both cities are important comracreial centers, and In both 
there is a considerable development of manufacturing industries. Man¬ 
ufacturing enterprises arc hampered by the small size of the Canadian 
market and by the restrictions which keep Canadian products from 
reaching the markets of the United States. There are important mining 
and refining industries, especially in the nickel and platinum area 
around Sudbury; there arc many scattered mills producing paper pulp 
from Canada’s forests; and there arc heavy industries manufacturing 
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iron and steel protlucis at several places aluti^ the lake fronts. The lack 
of one great metropolitan center in Canada may be owing in pari to 
the geographic pattern of commerce and industry, which does not 
point tovvard the development of one central focus of die domestic 
economy, or it mav he owing in part to die attitude of Canadians 
toward London, Erigland, which perhaps functions as primate city for 
the whole British Commonwealth of Nations. 


Group IV Regions of Western North America, From a climatic 
point of view, the part of Nortli America which is most nearly com¬ 
parable to western Europe is the west coast north of 40”, In Nortli 
America this part of Group IV has not developed on the scale sug¬ 
gested by the patterns on the generalized continent (Fig. 51) because 
of the presence of high mountains running parallel to the coast. In 
British Columbia, except for a narrow bit of lowland around Van¬ 
couver, the mountains rise from the waters edge (Plate 9). In Wash¬ 
ington and Oregon hills or mountains border the ocean; but l>etwccn 
the coastal mountains and the Cascade Mountains farther inland there 
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are the Puget Sound Lowland and the Willaractic Valley, in which 
most of the people arc concentrated. The whole region is but thinly 
populated, and much of it is still in the stage of the hrst exploitation of 
the most easily ULilixed resources, Seattle h a port with connections 
across the Pacific to the Orient and northward to Alaska- If Alaska 
were to be the scene of a major movement of new settlement, Seattle 
would be the chief base and would provide the chief market for Alaskan 
products. But Alaska, also, is still In the pioneer stage- The chief 
commercial and industrial activities of Seattle have to do with fish 
and timber. 

THE SOUTHERN HEMISPHERE 

Mid-latitude mixed forests occur only in small areas in the Southern 
Hemisphere. There are five separate regions to describe: the southern 
part of Chile; South Brazil; the Durban area of South Africa; south- 
cast Australia; and New Zealand. 

Southern Chile- Southern Chile is very much like the northwestern 
part of the United States and British Columbia. The climatic similarity 
is reinforced by a remarkable similarity in the arrangement of the sur¬ 
face features. The heavy forests of rainy southern Chile begin abruptly 
along the Rio Bio-Bio, inland from Concepcion (Fig. 39 and Plate 11). 
To the north, in the mediterranean part of Middle Chile, arc the 
open scrub forests anti maquis, the irrigated fields bordered by roads 
which arc dusty 'n the dry summers. To ihe south is a land of dense 
forests in which pioneer settlers have opened clearings in places where 
rainfall is nor too heavy or w'here the wet ground can be droned. The 
Spaniards, w'ho were more at hotne in open country than in the forests, 
did little more than establish a few ports south of the Bio-Bio; but the 
southern region was opened to pioneer sciilcment after 1850, when a 
colony of Germans was located a little north of Puerto Montt. Since 
that rime a steady movement of new settlers from Middle Chile has 
moved to the new frontier, where the land is used for wheat and cattle, 
and the forest is utilized for its lumber. But beyond Puerto Montt and 
Valdivia the much embayed coast of South Chile, like the coast of 
British Columbia and Alaska, offers little opportunity for settlement 
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where the rainjf mountain slopes come to the edge of the sea, Puerto 
Monti occupies a position in many respects similar to that of Seattle; 
but south of Puerto Montt there Is no Alaska, and to the west there is 
only a vast ocean. 

South Brazil, South Brazil is the region which lies in the lower 
middle latitudes of eastern South America, south of the coffee region 
of Sao Pau1o> Its climate, its mixed broadleaf and conifer forest, its 
hilly dissected plateau surface, all combine to form a strong resem¬ 
blance, so far as physical conditions are concerned, TO' the southern part 
of the Cumberland Plateau in Alabama. This part of Brazil was not 
all divided into large estates by the early Portuguese settlers, because 
these people, like the Spaniards, avoided the heavy forests in favor of 
the open grasslands. The forests of South Brazil were first occupied 
during the nineteenth century by colonies of Germans, who established 
a pattern of small farms in woodland clearings. Later pioneer settlers 
have included Italians, Poles, and others, as well as Brazilians from 
farther north. The colonics have been notably successful, and a con¬ 
siderable pioneer expansion has taken place around the original nucleL 
No spectacular wealth has been produced in this region, but rather a 
sound local economy has been developed based on the sale of hogs and 
other farm products to small, but growing, urban markets. This is 
one of the world’s largest areas of land suitable for pioneer farm 
settlement to which immigrants might still come, 

South Africa. Very little of South Africa belongs in Group IV, 
There is a narrow fringe of mid-latitude forest along the east coast 
north of the medirerranean region. Along most of this part of the 
coast the lower hilly slopes of the escarpment descend to die water, 
leaving no flat coastal plain for agricultural development (Plate B and 
Fig. 12). The chief towm of the area is Durban, a port which acts as 
the commercial center for the settlements in the interior and along the 
coast farther north, it is a naval base of importance. 

Australia. The most important of the Southern Hemisphere regions 
of Group IV is in southeastern Australia. The mid-latitude mixed 
forest region extends from north of Brisbane to the southeast coast 
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aroutui Melbourne and to the island of Tasmania. Most of the area is 
hilly, ami northeast of Melbourne the hilly lands arc surmounted by 
the high Australian Alps (Plate 19 and Fig. 50). There are only a 
few narrow lowlands such as tliose around Melbourne and Sydney. 
Wheat farming is concentrated in the eastern part of the Great Plains 
west of the hilly uplands, where the Murray River and the Darling 
River flow westward toward the dry interior. The extension of farming 
westward Is restricted by the low and uncertain rainfall; the increase 
of farm land in the humid cast is restricted by the hilly nature of the 
terrain. In the soutJi, around the city of Mcltmuriie and on the island 
of Tasmania, the land is used for the pasture of larec numbers of shceo 
(Fig. 100). ^ 

Like Canada, Australia has no primate city. Both Sydney and Mel¬ 
bourne have more than a million inhabitants. At Sydney, and north 
of it along iJie coast, there arc numerous industrial establishments 
based on local sources of coal But Australia, also, looks to London 
as the major commercial and cultural center of the British Common- 
wealth. 
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Australia as a whole is very thinly populated. Ic is hoped to raise 
the total number of people from 7,000/K)0 (1946) to something like 
22,000,000, chiefly by bringing immigrants from Great Britain. Al¬ 
though the British can scarcely spare such a large number of their young 
and most productive people, a considerable current of migration to the 
dominions is likely to develop during the nest decade. Australia’s 
territory is mostly too dry for very dense settlement; the larger pro¬ 
portion of the immigrants will be settled on farms in die southeast, 
greatly increasing the density in this region, and thereby strengthen mg 
the whole Australian economy. 

New Zealand. New Zealand Is mostly mountainous (Plate 19). Its 
chief areas of settlement arc located on the relatively small lowlands 
around Auckland, Wellington, and Christchurch. Although some 
wheat IS raised around Cliristchurch, the chief use of the land on South 
Island is for the pasture of sheep. North Island, which enjoys a some¬ 
what milder climate, has a larger area of good farm land and pastures 
suitable for cattle. Like Canada and Australia, New Zealand has no 
primate city. New Zealand, also, is looking for immigrants from Great 
Britain, and is especially an.'tious to establish new manufacturing in¬ 
dustries to process tlie taw materials originating on farm and ranch. 


Conclunon 

The mid-latitude mi.tcd forest lands are occupied by nearly two fifths 
of the worlds population. There are regions within this group with very 
dense populations; and there are other regions still available for more 
pioneer settlement. There are populations which have gone through a 
period of rapid increase during the past century, and arc now again 
approaching an almost static or, perhaps, even a declining condition; 
there arc other populations still growing rapidly; anil llicrc are some 
which stand on the verge of a great era of expansion. In the OHcnt 
there are maior problems to be solved of the relation of people to the 
resources of the land-of the means of increasing the supply of food, 
clothing, and shelter. But in the Occidental world the tcclmical know]- 
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edge exists to provide 3 much better level of living than now prevails, 
in these countiics the major problems to be solved arc those of adjust- 
mg the institotions and habits of thought inlicritcd from the era of 
horses and sailing ships to the realities of the industrial age. 

But the industrial society cannot be understood against the back¬ 
ground of any one of the world's groups of regions. TJiat the chief 
centers of industry and commerce arc in tiie regions of Group IV is 
die result of a variety of factors, and the present economic and political 
pre-eminence of these regions can scarcely be understood without 
reference to the rest of the world. The industrial society has been 
evolved in an atmosphere of expansion; the population itself was grow¬ 
ing at a rapid rate, and this was providing always larger and larger 
markets. Pioneer settlers were also moving into new regions, and bring- 
mg into economic use a wide variety and enormous c^uantity of new 
products. There was wide opportunity for individual initiative and 
profit. And the greatest profits went to the people who had first devel¬ 
oped the new tcchnologics-to the people of the English-speaking 
world. 

A very important part of the process of expansion took place not in 
the regions of Group IV, but in other parts of the world not previously 
exploited, This outward movement into new lands brouglit the Otd- 
dcntal people into contact with many other cultures, and the contact 
was usually disastrous for the other people. Wt have seen some of the 
results of Occidental contacts in the dry-land regions of the world, and 
in the tropical forests. But the greatest expansion was taking place in 
the grasslands and to a somewhat lesser extent northward in the North¬ 
ern Hemisphere. We now turn our attention to these other groups of 
regions in the world and to the penetration of them by Occidentals. 
When we have completed our survey of these peripheral areas, we 
shall return to a discussion of the industrial society as a world 
phenomenon. 
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Some 21 per cent of the earth’s land surface has a natural vegeta¬ 
tion cover of grass. In position these grasslands are intermediate 
between the forests and the deserts. They are distinguished from the 
former by the prevailing scarcity of trees, and from the latter by a 
relatively continuous cover of vegetation. However, while these dis¬ 
tinctions appear to be clear-cut when viewed on a world scale, an 
examination of the group boundaries in greater detail reveals broad 
iones of transition between grasslands and forests on the one hand, and 
bemcen grasslands and areas of scattered xerophytic shrubs on the other. 

If the grasslands occupy an intermediate position among the great 
natural divisions of tlie earth, they' are nevertheless distinctly mar- 
ginal with reference to the centers of popukdon- As we have already 
seen, a large proportion of the earth’s human inhabitants occupy the 
mixed forests of middle latitudes and the light semidcciduous forests 
of the Asiatic low latitudes. Recently, settlement has pushed out from 
these forests onto die contiguous grasslands, so that now parts of 
Group V share with the niLxcd forest lands tht^ spectacular develop¬ 
ments of the machine culture which we have just described. In fact, 
it is from the more accessible grasslands that the major portion of the 
grain and meat supply for the support of the great urban populations 
is now derived. Where the grasslands have been subject to agricultural 
settlement a transformation of the primitive landscape no less remark¬ 
able than that of the forest clearings has taken place. The present dis¬ 
tribution of such settlements illustrates once again the vital role played 
by culture in the establishment of geographic limits. 


The Land 

VEGETATION AND CLIMATE 

Bteaust the grasiUnds arc inKmediaK in posilioia b«w«tl thr 
dcsTTB >nd the forests, thr bindscaprs dtvolopcci in the various parts 
of this group reprrsortt u series of transilional types between the border- 
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ing groups, I'hc gradual change from abundaj^r nioisiurc to aridity, 
through zoufi which arc somcciitics characterized as subhumid and 
sctnlarid, is reflected in the character of the vegetation. l‘hrcc chief 
types of grassland arc commonly recognized. In the middle latitudes 
the dry margins of Group V are occupied by the steppes and the wet 
margins by the prairies. In the low latitudes several kinds of savannas 
reflect the transition from forest margin to desert margin. We shall 
consider each of these in turn. 

The Steppes. The change from the xcrophytic shrub vegetation of 
Group I to the steppe grasses of the cool, semiarid portions of Group V 
brings a notable diflcrcncc in the landscape. The actual boundary be¬ 
tween the two is not everywhere easy to identify when it is sought in 
topographic detailj although in some parts of the world the limits are 
sharp enough for this. Generally speaking, the vegetation of the dry 
lands fails to form a complete cover over the surface of the land; if 
grass is present, as in the "desert shiutr^descrt grass" formation, it grows 
in bunches with bare ground between the plants. The steppes, on the 
conlrary, arc covered with a nearly continuous mat. At maturity the 
.steppe grasses are only a few inches in height, although in unusually 
wet years taller grasses give the vegetation cover an uneven appcaraircc. 
Normally the steppes resemble a closely pastured meadow,—a land¬ 
scape of striking tnonotony which extends unbroken to the horizon. 

The short grasses of these regions are tlcvclopcd in areas deficient 
in moisture. Like the xerophytic slirubs of the deserts, these plants are 
adapted to long periods of drought. After a rain they spring quickly 
into activity, completing the life cycle within a short time and then 
remaining parched and brownish until the ne,xt shower brings renewed 
life. The water is absorbed by the surface layers of the soil, but verv 
rarely is enough received to penetrate to the water table. Soil moisture 
is available to the grass roots near the surface for a period after a rain, 
but underneath this surface layer there is a zone of permanently dry 
soil. Deep underground, as in the deserts, lies the zone of saturation, 
replenished at rare intervals by unusual rains. It is the presence of soil 
moisture near the surface that makes possible the growth of the shallow- 
rooted short grasses. 
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In general, the steppes arc associated ^s'ith a semlarld type of climate 
(Plates 10-20 and 8). However, this relationship is obscured in 
many places* for tite grasslands, which, on the generalized continent 
(Fig. 51) almost completely surroumi the deserts, are much interrupted 
by mountains. The mid-latitudc margins of the great dry-land area of 
North Africa and EurasU are actually bordered by steppes m only a few 
places* in the northern interior, extending from the western side of die 
Wk Sea eastward beyond Lake BalkJiash, including the great Kirghiz 
Steppe- two small ptdtes in the Far East, in Manchuria and the Ordos 
Desert- and in North Africa, where there is room for only a narrow 
band of steppe between the desert and the mountains or the Mediter¬ 
ranean shore (Plate H). , . . l l 

In the other parts of the world similar irrcgularmcs may be ob- 

served. In North America the steppes are developed only on the wt 
and north of the dry lands. The Great Plains extend from Texas into 
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southern Can 2 da, and a small steppe area in Washington and Oregon 
borders the norrhem ilimts of the dry lands of the intermontane pla¬ 
teaus and basins. In South America the steppes, like the deserts them¬ 
selves. arc much distorted by the Andes. Along the eastern piedmont 
of the mountains in Patagonia there is a narrow zone of steppe which 
widens southward toward the Strait of Magellan. The tall bunch 
grasses of the Argentine Humid Pampa, which lies east of the desert, 
are mixed with a dwarf scrub forest known as moate aloiig the dry 
margin, and there is no2one of short-grass steppe between the prairies 
and the dry lands. Nor is there a steppe bordering the dry-land region 
of South Africa. In Australia the steppe is limited to the eastern desert 
border in the basins of the Murray River and the Darling Ris'cr. 

Even in regions where the steppe does form a zone of transition be¬ 
tween the arid climates of the desert and the subhumid climates of the 
wetter lands, the relations to the climatic lines arc not always simple* 
In the classification of climates developed by Wladimir Kdppcn a 
formula was devised by which arid, semiarid, and humid dimates 
might be distinguished on the basis of average monthlv and annual 
figures for temperature and rainfall This formula is'presented in 
Appendix B, section 30. The climates are described by letter* an arid 
climate is represented by the letters BWis. serniarid^limatc bv the 
letters BS. The distribution of climates according to the Kdppen system 
is shown on Plate 8. rr j 

A comparison of the outlines of the BS and BW climates with the 
observed distribution of vegetation shows a number of important dif- 
ferences of pattern. In many places xeropJiytic shrub vegetation is 
found well beyond the area of BW climatc-^as in western China or 
the western interior of the United States. As a matter of fact, in nearly 
^11 the vegetation distributions thus far described^ forest as well as 
desert, numerous departures from the generally related climatic pat¬ 
terns can be observed. These have been interpreted, in part bv refer 
cncc to edaphic or other nondimatic factors. Edaphlc factors' however 
do not seem adequate to explain such extensive departures from die 
climatic partem as those of the dcsert-steppe boundary 

Another inteijiretation of the desert-steppe- distribution recognizes 
the importance of the extreme years as opposed to average years in estab 
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lishing vegetation limits. Variability in the amount of rainfall received 
from year to year is at a maximum in the deserts. There arc parts of 
the regions of fllF climate in which the rainfall may dllTer in any one 
year as much as 40 per cent from the average. But the dry lands are 
normally deficient in moisture, and torrential rains arc unusual, al¬ 
though spectacular, occurrences. The setniarld grasslands bordering the 
deserts also show a marked rainfall variability from year to year; but 
because the grasslands are on the margin between sufficient and de¬ 
ficient moisture, the rainfall fiuctuations are much more critical than 
they are in the deserts. In the grasslands a succession of wetter years is 
inevitably followed by a period of dry' years. The B boundary, that is, 
the boundary determined by Koppen’s formula between the semiarid 
BS climates and the bordering humid climates, has an average position 
which is shown on Plate 8; but it shifts widely from this average 
position w-hen it is plotted for individual years. In fact, rarely docs the 
actual border between sufficient moisture and deficient moisture in any 
one year lie close to, or even correspond in trend with, the average B 
boundary. This condition is illustrated by a map of this critical bound¬ 
ary in the United States in a succession of years. During the period 
from 1915 to 1924, humid years were experienced as far west as the 
front of the Rocky Mountains, and dry years were experienced as far 
cast as Minnesota (Fig. 102)Russell suggests the possibility that the 
recurrence of a very' dry year (a BW year) at not uifrcqucnt interv'als 
may serv'e more erfectively to limit the spread of grasslands toward the 
deserts than docs the average condition (Fig. 103).* 

The Prairies. The prairies arc quite distinct from the vegetation 
types which Ixirdcr them. Unlike the grasses of the steppes, the prairie 
grasses are tall and deep-rooted. At maturity they reach heights of 
from three to more than ten feet. The natural grasses of the Argentine 
Pampa are said to have risen above the head of a man on horseback. 
Few scenes in the New World so impressed the early travelers from 

’H. ttendall, "Notes oil ClimattC Boundsrio in the Easarn United Stale*," Oo- 
graphea! Btrirm VoL25 (lW5).pp. J17-124. 

Tt, J, Ruiiell, "nry CHniaiej of the United States, It, Frequency of Dry and iteeft 
V„f. ] 901-1530." Univcrtity of Califoinis Publications in Gm^raphy, Vol. Nn. 5 
(1952). pp. 245-274. 
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Europe as did the sight of the great expanses of grass billowing in the 
wind. Around most of these prairies the edge of the forest is sharply 
defined. Except for the galeria 
forests along the streams, the prai¬ 
ries themselves, in their natural 
condition, remain entirely treeless. 

Toward the steppes tlic prairies 
arc limited by a fairly definite 
moisture supply. Where the zone 
of moist soil extends for cs much 
as two feet below the surface, the 
tall grasses are able to gain a foot¬ 
hold at the expense of the short 
grasses, Russell hnds that in the 
United Stares this condition, and 
w'ith it the prairie-steppe bound¬ 
ary, corresponds closely to the east¬ 
ern limit of the area which receives 
at least one very dry (BW) year in 
twenty {Fig. 103). In topographic 
ilctail this prairie-steppe boundary 
is much influenced by cdaphic con¬ 
ditions. On sandy soil die depth of 
the moist surface layer is greater, 
climatic conditions being equal, 
than on clay soil Therefore the 
tall grasses penetrate well within 
the areas generally deficient hr moisture on sandy soils, but short steppe 
grasses arc found on clay soils well within the humid lands. 

The boundary of the forest and the prairie has been the subject of 
much controversy. Trees can apparently gain a start where the mois¬ 
ture U sufficiently abundant so that no permanently dry zone exists 
below the moist surface horizon of the soil. On the dry side of the 
prairie, even where the moisture penetrates more than two feet, a per¬ 
manently dry^ zone exists below. With a somewhat more adequate 
moisture supply, however, more water is received than can be held in 
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the surface layers, so diac moisture penetrates, at least at frequent inters 
vals, to the ground-water table. This, in many parts of the world, marks 
the forest-grassland boundary. But in other places the prairie extends 
well within such humid lands; for example, in the Middle West of the 
United States, or in the northeastern parts of the Argentine Humid 
Pampa, Uruguay, and southern Brazil, or in the plains of Hungary, A 
number of interpretations of this fact have been set forth, Kussetl shows 
that the prairies of Illinois correspond to the outline of the area with 
at least one dry year (jBJ) in twenty (Fig. 103), Other writers have 
pointed out that the tall grass of the prairies is easily set on fire, espe¬ 
cially if the autumns arc dry, as they are in most of these prairie lands. 
Fires may be surted by the inhabitants, or even without human aid, 
by lightning. The intense heat kills the young trees which otherwise 
might gain a foothold on the prairies, in the course of rime perhaps 
pushing back tlic forest margin. 

The Savannas, In the low latitudes a wide zone in which forests 
and grasslands arc Intermingltti occupies the drier parts of the humid 
climates and crosses the B border to the margins of the deserts. This 
is the zone of the savannas. Essentially this is a transition between forest 
and desert, but the laitdscapes which arc developed differ in important 
respects from those of the mid-latitude transitional grasslands. Not only 
are the savannas ribbed with galcria forests along the streams, as are 
also the prairies and some of the steppes, but the savanna flora includes 
enough scattered trees so that in only a few places is the horizon visible. 
The tropical scrub forests merge almost imperceptibly with the savannas. 
In some parts of the world the scrub forests actually border the xero- 
phytic shrub of the dry lands without any intervening zone of savannas. 

"1 he savannas ihcmscl\es can be divided into a succession of types 
reflccring the transition from wet to dry. These different kinds of 
savannas can be illustrated by a study of the Sudan of Africa (Fig. 
104).* In the south, Iwrdering the selva of the Congo, lies the "high 
grass-low tree savanna," composed of grasses which, at maturity, reach 

L. Shanty and C F. Marbjt, The Yegctatian and Soils af A&ia," AmrHcan 
Gcfigraphioil Sociec)^ Series No. 13, New York, 1923, 
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heights of ten or twelve feet, mixed with a fairly close scattering of low 
treeMogethcr with numerous patches of thicket The gi^s arcco^se 
and do not form a sod, because each plant stands individually. Farther 
north, ill the direction of decreasing rainfall, this formation pves way 
to the ‘'acacia-iall grass savanna " composed of grasses growing from 
three to five feet in height and associated with scattered, flat-topped 
acacias which stand somewhat farther apart than the low tr^s of the 
southernmost aonc. Still farther north, extending across the B bound* 
ary, is the "acada^lescrt grass savanna” where the stunted trees «and 
far apart and the short desert grasses cover most of the surface Thus 
representatives of the forest extend all the way to the edges of the desert, 
while as we have seen elsewhere, patches of open savanna are found in 
the rnidsi of the selva. Similar transitional types are found m other 

parts of the world. 
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Information regarding the rdaiionship of the savannas to climatic 
conditions is diihcult to obtain. Clitnatic stations in the savannas are 
widely scattered, and their records are mostly fragmentary. Certain it 
is, however, that few parts of Group V suffer such extreme fluctua¬ 
tions of rainfall from year to year or such extreme variations from 
seasuii to season as do the savannas. Almost every year in the Sudan 
is abnormal in regard to either rainfall or drought. No doubt more 
ad«]uate data would suggest the importance of the extremely dry years 
in establishing the margins of the savanna and the tropical forests 
(Fig. 105). 

No other pans of the low latitudes exhibit such a marked change 
in their appearance with the march of the seasons as do these tropiiSl 
grasslands. During the dry season the coarse grasses become parched 
and brown, and the scattered trees lose theU leaves and stand with 
bare limbs. The beginning of the rainy season witnesses a most re¬ 
markable awakening of the plants; the trees quickly send out a cover- 
tng of new leases, while the tender young shoots of grass give the 
ground a carpet of velvety green, 
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SURFACE FEATURES AND DRAINAGE 

Most of the grasslands are developed on relatively level surfaces,— 
either plains or plateaus. Although in some eases these lands may be 
gently rolUiigt only rarely can they be classihed as hilly. Most of the 
hilly areas which interrupt the grasslands receive more plentiful raiA' 
fall than the surrounding plains, and are forest-covered. 

On the vast level surfaces of the grasslands the transitional character 
of the rainfall is faithfully retketed in the drainage features. The rivers, 
especially in the savannas, have a marked seasonal rise and fall. During 
the dry Kason they slowly lose volume, in part by the loss of tributaries 
which dry up, in part by evaporation. As they lose volume and velocity 
they drop a large part of their load, and this accumulates in the river 
chanitels, forming a maze of sand bars. When a river is choked with its 
alluvium, it may split apart Into many small rivulets, producing a 
typical braideti channel Near ihe arid boundary, if the river is flowing 
toward the desert, this accumulation becomes so great that the river 
tends to spread out and form an extensive shallow marsh. All three 
of the rivers of northern Africa which cross the savannas toward the 
Sahara behave in this way. The rivers in a semiarid climate, being 
few tributaries, for no local streams can rise W'lthin the 
regions of deficient moisture. 

The seasoital contrast is especially great in the savannas. The glis¬ 
tening white sand banks of llie streams are speedily submerged when 
the rainy season begins. Unhke the rivers in the forest lands, these 
streams arc so clogged with silt that the waters cannot easily drain 
olf, and therefore vast areas of lowland may be inundated. From 
brown, parchcil drought to widespread flood is a seasonal change 
which rivals the snowy winters and verdant summers of the higher 
middle latitudes. 

Especially in the savannas, the effect of these seasonal drainage con¬ 
trasts is determined in large part by the type of country. Where jhe 
rivers lie dose to the surface, as on the Shari Plain or on the "llanos” of 
the Orinoco, the rainy-scason floods cover a vast extent of territory. In 
contrast, where the streams are LncUed in youthful or mature valleys 
in a plateau, as in the plateau of Brazil or of South Africa, the floods 
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arc confined to die immedwtc valleys. While the first type of country 
may suffer from rainy-scason floods, the ktter type is more exposed to 
dry-season droughts. The distribution of these types of surface is 
indicated on the accompanying maps (Plates 9-19). 


SOILS 

Some of the rnost fertile soils in the world arc in the grasslands 
cs^cially the prairies. TJic contrast between the dark<olofed prairie 
soils and the lighter soils of the neighboring forests of Group IV is 
very great. In order to understand the preeminence of the grassland 
soils we must turn briefly to a review of the soil-maJting processes. 

A Review of the Soil Processes. The development of a regollth is 
the first step in the construction of a soil. Under the influence of the 
atmosphere the process of weathering results in the disintegration and 
decomposition of the exposeti rock material at the cartJi’s surface To 
be sure, the character of the climate affects the nature of this weather- 
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ing process; for chemical decomposition, producing a fine-textured 
regolith, is emphasized in hot and moist climates, while physical dis¬ 
integration, producing a relatively coarse regolith, is emphasized in 
dry' climates, especially those with a temperature range which crosses 
the freezing point. But the differences of texture and composition of 
regolith in any climate are closely related to the nature of the parent 
material. The geologic map furnishes the pattern for the map of 
regolith. 

The production of a soil on the surface of the regolith is the result 
of three processes. The percolation of water through the surface layers 
on its way down to the w'atcr table is responsible for the first two of 
these: leaching and eluviaiion (pp. 91-92). Leaching, like all other 
chemical processes, is at a maximum in hot and rainy climates; cluvia- 
cion also goes on most rapidly where an abundance of water is moving 
down through the regolith. Both leaching and eluviaiion cease where 
there is no percolation of water, whether this is due to a desert con¬ 
dition, to a permanently waterlogged condition as in a swamp, or to a 
permanently frozen condition as in the polar regions. I'hesc processes 
arc only retarded, of course, in places w'hcrc droughts, floods, or frosts 
recur seasonally. Under any given type of climate, however, both leach¬ 
ing and eluviation proceed tnuch more rapidly where the regolith is 
coarse in texture titan where it is fine and compact. 

The third soil-making process is the accumulation of humus. This 
goes on most rapidly not only w'hcre llie largest amount of organic 
litter is provided by the vegetation but also where the destruction of 
this litter by bacteria is not too rapid. Bacterial action is at a maximum 
in hot, moist climates, and declines with lower temperatures or de¬ 
creased moisture. Although the tropical forests supply a considerable 
amount of litter in the form of dead leaves and twigs, the bacteria, 
together witli the destructive activity of ants and other small animals, 
tjuickly destroy this material. The rate of humus accumulation in the 
forest lands Increases as one proceeds toward cooler climates. Whereas 
the tropical forest soils as well as those of the lower middle latitudes arc 
characteristically Iight<olorcd, those of the higher middle latitudes 
(north of Chesapeake Bay in eastern North America) are somewhat 
darker in color. No forest vegetation, however, can supply such an 

279 


\ (JEUCiRAPHY OF MAK 


abujidancc of organic raaterkl as can a grass cover, with Its yearly 
iocrcmeni of dead stems and its mat of fine roots. The grassland soils 
arc black or dark brown in color. 

As these soil-making processes continue they produce a gradual 
change on the surface layers of the regolith. In the course of ume three 
horizons become more and more clearly distinguished. The surface, 
or A A^rizoft, is one which has felt the maximum of leaching, has been 
rendered somcw'hat coarser in te:cturc than the original regolitJi by the 
process of cluviation, and has been mixei.1 with whatever amounts of 
humus are available. The B /lorizon is a zone of accumulation, ren¬ 
dered finer in texture than the original material by the addition of the 
fine particles brought down from above. Underneath is the C Aonzon, 
the unleached and uncluviated parent material. The depth and char¬ 
acter of these horizons reflect the balance of the soil-making processes 
as coiitrollcxi by the climate and the cover of vegetation. Nor until the 
first Signs of these horizons appear, however, is the regoHth said to have 
a cover of soil. As the horizons become more and more clearly defined 
the sod IS said to become mature. Theoretically, given a long enough 
lime, the soils lose the characteristics imparted to them hy the under¬ 
lying parent material, and througJiout the broad regions of similar 
climate and vegetation cover the mature soils all take on the same kind 
of profile. The patterns of soil distribution which arc related to the 
underlying geology arc gradually obscured bv the l^roadcr patterns 
related to the climate. ^ 

Mature soils, however, can only develop where the regolith is un¬ 
disturbed. On steep slopes where creep or flow is active the A and B 
horizons are strippcrl off as fast as they are formed, and fresh regolith 
!S brought to the surface. On river floodplains fresh alluvium k laid 
down before any soil horizons can be formcti in the older deposits 
Similarly, in areas of active loess accumulation mature soil profiled 
shou d not be expected Mature soils can develop only on level or 
gently rolling surfaces free from active deposition and exposed to the 
soil-forming processes for a sufficiently long period of time. In hilly 
lands only minor portions of an area can have mature soils; nowhere 

but on ^e more level plains arc any extensive areas of sucli soils to 
be round. 
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Gra&sbud Soils.' Over the wide expanses of rolling to level plains 
in Group V, however, the soils arc able lo reach maturity and to reflect 
closely the transitional features of the climate. A succession of soil 
types, from die humid forest margins across the prairies and the steppes 
to the dry lands, conforms to the changes in moisture and vegetation 
cover. On the rainy margins of the prairie a deep soil is formed w'hich 
is so abundantlv supplied viath organic material that it is dark.colored 
even in the B horizon (Fig. 107, C). This is the prairie soiL But 
near the dry margin of the tail-grass prairies a very important change 
m the moisture conditions takes place, a change which is cntical in soil 
formation. No longer, except at rare intervals, docs enough ram fall 
on the ground to percolate through to the ground-water tabic. Whereas 
the black prairie soils arc subject to leaching like all other humid soils, 
the soils on the dry margins of the prairie cannot be similarly robbed of 
their soluble constituents. The minerals which are dissolved near the 
surface are carried down to the B horizon, but no farther. Xhc result 
is the accumulation of these soluble minerals in the subsoil. 

Two soil types share this peculiarity of having mineral accumula¬ 
tions, chiefly lime, in the B horizon. The first of these, occupying the 
dry margins of the prairies, is known as the chtrnozem (Fig. 107, fJ). 
The color of the chernozem is even darker than that of the black 
prairie soil, and its fertility is increased by the decreased elfcctivcncss 
of the leaching process. The humid boundary of the chernozem is not 
easy to identify, for this type grades almost imperceptibly into the 
black prairie soil through a zone where the small and scattered Hmc 
concretions occur only here and there in the subsoil. The dry bound¬ 
ary of the chernozem, on the other hand, is quite distinct. It coincides 
with the prairie-steppe boundary, where, because the depth of the moist 
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surface soil becomes less than approximately rw'o feet, the tall grasses 
give way to the short grasses. The smaller supply of humus from the 
short grasses is reflected in a change from the black, color of the cher- 
nozcni to a chestnut-brown color; and the more active evaporation and 
shallower penetration of the rain water result in the formation of a 
continuous layer of lime salts much closer to the surface than in the 
case of the chernozem <Fig. 107, A). This is the so/h 

The soils of the tropical grasslands are little known. 

The distribution of these soil types, where they have been ade¬ 
quately studieil, conforms closely with the vegetation and climatic 
patterns. The black prairie soils are apparently rather unusual; tlie 
largest area of these, probably, is in the United States. The chernosicms 
and cbesmut-brown soils in both Nordi America and Eurasia, where 
they have been carefully mapped, straddle the boundary between humid 
and semiarid tlinxatcs^ 


The Occupance 

The occupance of these grasslands provides numerous illustrations 
of the way in which different cultures have reacted differently to the 
same complex of physical conditions. To most primitive peoples armed 
with few agricultural implements the grasslands have not yieUled an 
abundance of resources. On the other band, nomadic peoples with 
domestic animals find in the open plains a favorable, although at times 
uncertain, habitat. The large-scale occupance of the grasslands, how¬ 
ever is a recent phenomenon* Various kinds of machines have m 
numerous ways made possible die development of the mld-latitude 
prairies and steppes as surplus grain-producing regions, ftnd from these 
lands now comes a large part of the food supply for the Occidental 
urban centers. But even today the pcnetratiofi of the tropical savannas 
by white people is uncertain and expcrimcntal. 


agricultural occupance by simple cultures 

The fact that the grasslands are unattractive to primitive agricul¬ 
turists is not difficult to understand. The bearing of grass presents 
great difficulties for workers armed with few implements. For them the 

® 25i 


A GEOCiHAPHY OF MAN 


partial clearing of 3 forest is much easier than the removal of tall grass. 
On the steppes, where the short grass is less of a problem, the decrease 
of moisture becomes critical, especially for people who do not possess 
the machinery or techniques to reach dependable supplies of water. 

The few cases of the establishment of sedentary agriculture on the 
grasslands by peoples of simple cultures arc all the more remarkable 
liecause they arc exceptional. The chief examples seem to have resulted 
from contacts with more complex cultures. For example, when the 
Scythian nomads of the Russian steppes so radically changed their 
mode of life as to become wheat farmers, it was under the influence of 
the Greek colonists wiio had established themselves on the northern 
shore of the Black Sea.' Yet from this region came the greater part of 
the grain supply for the support of ancient Athens—an cxtraonlinary 
preview of the type of occupance which, some twenty-five centuries 
later, is dominating this and analogous regions. 

Tlic Negro tribes of the African Sudan have also established a 
sedentary agricultural occupance on the savannas. Although the mtxi- 
cratcly dense populations (Plate 3) of Nigeria and the French Sudan 
have been built up rather recently, still, long before the European con^ 
quest, agriculture was well established in parts of this region. To what 
extent the cultural traits of these tribes (including the smelting of iron, 
the making of iron tools, and an excellent dry-farming technique) had 
been introduced by the Arabs, and to what extent these things really 
arc native to the Negro cultures, is not known. The subsistence agri¬ 
culture in these regions is based on rice, grain sorghums, millet, 
peanuts, and a number of other crops (Fig. 108). 

THE NOMADIC OCCUPANCE 

While most of the world's grasslands have not favored agricultural 
settlement by simple cultures, those peoples who possess domestic ani¬ 
mals have been able to gain at least a precarious existence. But before 
the spread of the Europeans, knowledge of domestic animals was limited 
to only one of the world's great areas of grassland. It is a remarkable 
fact that of the thirty animal species which are of chief importance 

•E. C. Sonplt. ef lAe Mfditrrratieitn Region (New York, 193[) p I 57 
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to mankind, all had been domesticated before the dawn of written lus- 
lory, and all but four originated in eastern, southern, or central Asia 
and in the ncigJiboriiig regions of Europe and Africa. Except for the 
ubiquitous dog, the only animals of importance which were dotnesii- 
cated outside these parts of the world were the reindeer of the polar 
regions of Eurasia and the llama of the Peruvian Andes (Fig. H)9).' 
Only on the grasslands of the Old World-thosc of North Africa and 
Eurasia—is a non-European nomadic occupancc based on domestic 
animals to be found, and even in these regions this type of life is rapidly 
disappearing as the range of movement of the nomads becomes more 
and more restricted. The Soviet Union has largely eliminated nomad¬ 
ism from the Asiatic steppes and from Outer Mongolia by establishing 
■Elliwnrth Hunrington, 'The Disiriburign of Doc««dir Animals," Fconomlr Cregr^- 
pAy. Vol. 1 (l'>2S), ppi 143-172. 
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Fig. 109. A boy and ku Hama on ike ihore of Lai(e Titicaca 


lixed settlements for the pastoral peoples. Where nomadism is still 
found, sheep and goats arc of primary importance, although cattle pre¬ 
dominate in 3 few' especially favored localities. Horses and camels also 
play 3 vital role in the nomadic life. We have already described the 
effect on the Berbers and Arabs of the imponatioit of the dromedary, 
without which ally their conquest of most of northern Africa would 
have been impossible. 

The word '’nomad” implies tlic absence of a fixed location. Nomadic 
peoples are free from the close attachment to the earth wldcli of neces¬ 
sity characterizes die agriculturists. To be sure, certain of the forest 
dwellers, carrying on migratory agriculture, establish only temporary 
attachments to the land which arc periodically broken; and other 
peoples, making use of the resources of contiguous regions, may make 
more or less regular seasonal migrations from one locality to another 
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Such peoples may be tcmictl s^mtnomadu;. But iJic true nomad at no 
time thinks of hts encampmeitt as in any sense fixed; and even if the 
passage of the seasons finds a nomadic trilw moving regularly back 
and forth between neighlmrlng area^ as between a mountainous region 
and the plains close by, the routes of travel are seldom the same, except, 
perhaps, w-herc a mountain range enforces the use of a certain pass, or 
where the crossing of a large stream is possible at only one point. A 
map of the distribution of nomadic peoples would show always the 
same pattern of scattered groups, but tlie position of the groups would 

^ The naturc^of the nomadic occupancc enforces this freedom. The 
wealth of the nomad is represented solely by the number and contJition 
of his animals. He has no other possessions that he cannot quickly 
pack and move on the backs of his horses or camels. From his flocks 
and herds he gets the material for bis clothing, his house, his rugs, and 
his implements; from them he gets his meat and milk; from them he 
derives a surplus to exchange with the sedentary agnculiunsts for gram, 
dates, tea, or other agricultural products; and it is on his animals that lie 
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fcho for ihe mobility which is an essential part of his life. In these 
lands of uncertain rains the pasturage is dependent on the scattered 
showers. When the nomad iiears of a rain, he must be ready quickly to 
move his animals into the section which has been moistened, in order 
to take advantage of the brief period of rich growth which will follow. 
Rainy years to these people mean years of plenty, even of luxury, 

Not uncommonly, nomadic peoples take advantage of complemen¬ 
tary regions. The people of the Kirghiz Steppe, for instance, move their 
flocks into the high plateaus of the Altai Mountains during the summer 
returning to the grasslands for the winter. Many of the nomadic peopled 
of the Sahara, who claim ownership of the various oases, enter the 
deserts only during the winter, leaving them either for the high pas- 
mrw of the Atlas Mountains or for the savannas south of the de^ 
during the summer months. 

In comparison with their numbers, the steppe nomads have wielded 
a very great political power. For various reasons they have since time 
immemorial established their control over the neighboring sedentarv' 
agriculturists. These two contrasted groups of people, so necessarv to 
each other, arc traditional enemies. The nomad, because of his militarv 
organization and his mobility, is usually the conqueror; bm the agri- 
culmrist, iKcausc of his permanence and the strength of his attachment 
to the land, has always survived and at last absorbed his conquerors 

The recurring cycles of dry years, which are so characteristic a fea¬ 
ture of the steppe climate, have played a very important part in the 
history of the nomads. Dry years bring distress, and when they are too 
severe or are continued too long the nomad is brought face to face with 
disaster. Under the scourge of drought the great nomadic conquests of 
the neighboring lands have taken place. Around the margins of the 
steppes from China and India to Europe and Africa, history has been 
puncmatetl by repeated invasions from the grasslands. One of the 
greatest of these was the "barbanan” invasion of Europe which contrib¬ 
uted to the downfall of the Roman Empire. These great migrations are 
thought to have been caused by cycles of dry years of more than usual 
severity, when the nomadic tribes were forced to flee from the steppes.^ 

lElWorth Hurlington, Thr Puhe ,/ Bo,to„, I®?; Bown„n "Our F, 
r«i.diag .nd Coiiiricting Dckti.'» Vot 25 (IMJ), 
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THE ACCIDENTAL OCCUPANCE 

Before the middle of the nineteenth century the grasslands held little 
for the European or American colonists. Only in the black- 
earth belts of European Russia and western Siberia was settlement 
extensive at an earlier date. In North America, when the settlers 
reached the prairies they hesitated and built their homes on the edge 
of the forest. For a long time tlie chief penetration of the grassy plains 
was by the hunters who followed die wild game, such as the buffalo in 
North America. Later, domestic atiimals were introduced, and these 
regions were used as natural pastures. Cattlemen on the Nortli Amer¬ 
ican plains, on the Argentine Humid Pampa, and m Uruguay adopted 
a seminomadic existence with their cnortnous herds of cattle, horses, 
and mules. A market for tliesc frontier products was to be had In the 
settlements of eastern North America or, in South America, In the 
raining communities of the Andes. But the roads to these markets were 
long and difEcult. 
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The Advance of Settlement onto the Grasslands. Meanwhile the 
mtchanical inventions were appearing which have so radically trans¬ 
formed the Occidental mode of life. Railroads and steamboats were 
the first of these to affect the grasslands by providing them with access 
to the growing urban markets. When the prairies of the United States 
were reached by through railroads from the eastern cities, between 1850 
and I860, the immediate result w-as an enormous stimulation of the 
cattle trade. In Argentina, too, railroads reached inland from Buenos 
Aires (1857) and Rosario and redirected the currents of trade from the 
centuricsrold route to Bolivia, When the first refrigerator ship reached 
Argentina in 1877. the fact was established that frozen meat could be 
sent across the equator to the markets of Europe. 
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Almost at once, however, fundamental changes in the mode of 
occupance of the grasslands began to appear. With tJie railroads came 
a stream of settlers. The steel plow, first manufactured about 1837, was 
making the removal of the thick prairie sod a relatively easy task, the 
machinery for digging deep wells was making it possible for the 
settlers to reach dependable supplies of water, and the invention of 
barbed wire was making feasible the low-cost fencing of large fields. 
The Homestead Act in the United States, originally passed in 1862 to 
permit new settlers to occupy farms of not over one hundred and sixty 
acres practically without charge, was a great stimulus to settlement. 
Increasing tmmbcrs of farmers moved onto die grasslands, fenced off 
their fields, built their homes, and planted crops. No longer could the 
cattle graze at will on the unfenced range. The ancient struggle be¬ 
tween nomadic herders and sedentary agriculturists was renewed; but 
this time the picturesque cattlemen found themselves unable to face the 
more effective occupance of the farmers, and step by step they were 
pushesl out of existence. 

A stream of settlement has followed the construction of railroads 
on all the w'orld's mid-latitude grasslands, one after the other. First, on 
the prairies of the United States the chief w-ave of settlement came after 
the Civil War- On the Argentine Humid Pampa the largest numbers 
of immigrants, chiefly from southern Europe, arrived between 1880 
and 1910. In Australia the conflict between the ‘'squatter" cattlemen 
and the farmers began about i860, and by 1884 the farmers were vic¬ 
torious. In Russia a renewed stream of colonists poured eastward along 
the black-earth belt following the construction of the Trans-Siberian 
Railroad, which was started in 1891. Thi.s eastward migration was 
especially strong from 1907 to 1912. Still more recent is the settlement 
of the Canadian steppes. 

The Transfortnarion of the Grassland Landscapes. As a result of 
the Occidental occup.incc of the grasslands, the landscapes of these 
regions have been profoundly modified. Before the arrival of settlers in 
any important numbers the "balance of nature” remained virtually un¬ 
disturbed. There was an equilibrium between the various forms of plant 
and animal life living together in the same area. The native grasses were 
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those whith had developed a resistance to the hazards of the environ* 
raent, the native animals had established a balance between their natural 
rate of increase, the food supply, anil the depredations of their enemies. 

Into tills organized community came man. First he killed off, cither 
for sport or for food, many of die larger native animals. Then he 
plowed up large areas of the native grasses and replaced them by cul¬ 
tivated grasses. But the effects of these simple acts ivcnt much farther 
than could have been predicted. Certain of the native animals of the 
region enjoyed either an elimination of their natural enemies or an 
increase in the supply of food, or both, which made possible a sudden 
and large increase in their numbers. The killing off of certain birds, 
for mstance, was followed by a rapid increase in the gopher popula¬ 
tion. Some of the insects which had previously maintained a bare 
existence on the native grasses now found the non resistant wheat or 
maize much more to their liking. TJic chinch bug, for example, prob* 
ably fed on the native bunch grasses, whither it returns, even now’, to 
pass the winters; bur during the summer season this little nam^ of 
the North American plains plays havoc with the maize, wheat, and 
oats. Among the native plants the sunflower, which now rapidly covers 
an idle fleld. once maintained itself precariously in competition whth 
the prairie grasses. Thus many of the insect pests and weeds which, 
as a part of the natural grassland region, were effectively held in check 
by tile competition of their enemies, were suddenly freeil from this 
competition, so that their numbers increased enormously and they 
came to form hazards against W’hich man s agrtculture now' lias to 
contend. 

There arc spectacular stories of the introduction of new species into 
these regions. The Hessian fly, for instance, is a grass-feeding insect 
which W'as introduced accidentally into the United St.ites from Europe, 
The great wheat fields of the North American prairies provided an 
ideal environment for this insect, and it multiplied at a rapid rate. 
Lacking any natural enemies in these new surroundings, it encountered 
little to check its ravages until special resistant varieties of wheat were 
developed. Even now the Hessian fly each year takes its toll of the 
American wheat crop. Still more extraordinary was the effect of the in¬ 
troduction of rabbits and prickly pears into Australia. Both of these, 
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having been brought to a new environment essentially free from 
natural enemies, found conditions ideal and multiplied at enormous 
rates until both became a national menace. The prickly pear has been 
brought under partial control by the aid of a parasite, the cochineal 
scale; but every year more and more grazing land and even cropland 
is ruinesl by the rabbits. 

The introduction of trees was the cause of a change of another kind 
in the grasslands. Around the farmsteads and villages forests were 
planted, so that today the buildings arc all but hidden in the foliage 
during the summer months. On the prairies, where settlement is dose, 
trees have been added to the landscape in such numbers that no longer 
is the horizon visible. At first glance these modified grasslands seem 
closely to resemble the deared forest lands. The landscapes of the Corn 
Belt of the United States, whether in the eastern, previously forested 
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Fig. 1H. Nf/rtkAmericunComBattliNtdfCdpfiaaprei/ioiijtyfor^jle'drfgitni. The 
H'wd hn are relict fratchei of the natitv onii-hicl^ory forert^ (From the Pioneer 
(^adranglcj OhioMichigm, United States Cjcolt^ieal Suney) 


part or in the western prairies, arc strikingly similar. Yet there is a 
difference. The relict woodland patches in the eastern part are not 
uncommonly left In the centers of the sections, away from the roads 
(Fig, 114) j but in the prairies the planted wood lots arc mostly located 
around the farmsteads, close to the roads (Fig. 115), 

Settlement of the Grasslands of the United States. The patterns and 
problems of settlement vary in each grassland region in accordance with 
the oilnirc of the settlers. The sequence of events in the United States 
during the movement of the frontier of agricultural occupance across 
the prairies is of the utmost importance in understanding the rise of 
this country to pfe-emincncc as a w'orld power. 

At first the grasslands were used only for the gr.i 7 ,mg of vast herds 
of half-wild cattle. The farmers, accustomed to the forests, hesitated 
when they came to the edge of the open prairies where there was nn 
shelter. The frontier of settlement in the United States had been pushed 
westward to the western edge of the forest by the time of the Civil 
War; but beyond was the land of the cattlemen. Market towns, to 
which the cattle were brought from the ofien range, were located 
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Fig. 115. NortA Am^rrican Corn BAt iandtoipe m a rt^i^n. Some 

0} relics gAeria fercJS fdhtv the streams, but most oj the wood lots haoe teen 
jdanted uround the farmsteods. (From the Boone Quadrangle, low-a. United States 

Gcolcjgk*! Survey) 

on the forCiSt maigins^—such places as ChkagOj St. Louis^ Minneapolis** 
St. Paoh and Kajisas City. 

The movement of the frontier of farming settlement across the grass- 

lands after the Civil War was a major factor iti the building of the 
mexleni nation. This period of occupancc came at a unique time in 
economic history: the eastern cities were developing rapidly as large- 
scale manufacturing centers, supported in part by immigrant workers 
from Europej the urban markets were in need of continuously increase 
ing supplies of bulky foods, especially wheat and meat, and the rail¬ 
roads were providing the means of sending such supplies from the 
ilistant grasslands at costs low enough so that the whole arrangement 
was profitable; and as the urban Industries expanded, there was a con- 
tinuous demand for their products on the frontier-for steel rails, 
barbed wire, windmills, lumber, agricultural machines, and many other 
things. Then, as the settlers made good the claims to their homesteads 
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and nciv cotnniunititrs made their appearance in the rapid elaboration of 
settlement, each land property increased in value. Some of the original 
settlers sold dicir farms and moved westward, but the general and rapid 
rise of property values coniiniJed. To be sure, there were business reces¬ 
sions and price declinest but the trend as a whole was upward, anti 
there seemed no reason to believe that tiic trend w'ould ever stop. 

This increase in land value resulting, not from the labor of the in¬ 
dividual owner, but from the general rise in the economic life of the 
community, is known by the economists as "unearned increment." It 
was collected by many small landowners throughout the grassland 
region of central United States; it was spent for many of the manu¬ 
factured products which in turn brought prosperity to the urban centers. 
Unearned iricremcnt made the Midtile West of the United States one 
of the most prosperous economic regions of the worki, and gave the 
American people an attitude of optimism toward matters of economic 
development which even today distinguishes them from people who 
have been less fortunate. It was amazing luck to approach the settle¬ 
ment of an essentially empty region of such potential productivity at 
just such a time in the history of mankind. 

The patterns of settlement developed in this period arc remarkably 
uniform over large areas. This is owing in part to the absence of 
strongly marked relief features, but also in part to the case with which 
roads in a grassland can be shifted to conform to a general settlement 
plan. On forcsteil plains the first lines of travel away from the rivers, 
which developed even before the stage of pioneer settlemenr, are more 
or less fixed as the framework to which later settlement is joined. Even 
where the standard survey of properties was later applied, the persistence 
of the first roads along the Indian trails is notable, as is illustrated by 
the map of Perham <Fig. 88). But in the grasslands the roads are not 
so rigidly fixed because they are not hemmed in by trees. Even where 
a regular line of travel exists across a prairie, a welUlefincd road is not 
necessarily impressed upon the landscape. As the ruts of the wagon 
wheels score the prairie soil too deeply, a new way is picked to one side. 
The result was that when the uniform pattern of properties was estab¬ 
lished the shift of the roads to conform to the right-angle lines was easy. 
Because the tradition of the dispersed settlement had become csiab- 
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(After O. E. Baker) 
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Fig. I is, J Com Btit farm to hura 


lished west of the Appalachians, for reasons previously described, this 
same pattern was carried on westward inio the grasslands. 

Agricidturc. Maize and wheat are the basic crops of the grasslands 
of the United States. Both were grown first in the forested areas of 
Group I V farther to the cast, and the patterns of crop distribution have 
gone through stages of developmeiU, gradually emerging in the agri¬ 
cultural regions we know today (Fig. 117). 

The Corn Belt is unique m the whole world. In other mid-latitwk* 
grasslands there arc large areas devoted to the surplus production of 
grains and meat; but, as we shall sec. no other region shares the re¬ 
markably favorable qualities, both physical and economic, of the Corn 
Belt. From this one region comes a third of the world’s production of 
maize. Very little of it, however* is markcteil directly as human food; 
most of it is fed to hogs and cattle. From this region comes more than 
half of all the {lork and beef consumed in the United States. 

The accompanying series of maps (Figs. 119, 120) show the distribu¬ 
tion of maize in tite United States at various periods since 1839. By 1859 
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there was already a suggestion of maize concentration in Ohio, Indiana, 
and Illinois, but the outlines of the Corn Belt scarcely appeared until 




Fic. 11?. Dcvcioftrntm of the North Anterkun 
Com Belt, ti}9 to IS?9. (Comitcsy of the (inited 
Stales Etcpanmeni of Agriculture) 


after the Civil War, and at 
that time the only cattle 
concentrations were on the 
plains of Texas (Fig. 122). 
By the end of the century, 
however, the outlines of the 
Com Belt were distinct. 

The advantages of the 
Corn Belt, so eagerly seized 
by the settlers during the 
nineteenth century, arc 
both physical and eco¬ 
nomic. Maize is a tropical 
plant which, like most 
other crops, produces best 
near its cold limits. Be¬ 
cause of a continental posi¬ 
tion, the Corn Beh enjoys 
very hoi summers in spite 
of fairly severe winters. A 
little farther north the cli¬ 
mate is poor for maize as 
a grain, and beyond the 
isotherm of 66* average 
temperature for the three 
summer months maize can 
be grown only to cut green 
as a hay. Furthermore, 
although much of the Com 
Belt is only moderately 
rainy, the greater part of 
the rains come in the warm 


season. The resulting hot, showery, almost tropical summers arc ideal 
for maize. The Com Belt has been extended westward as far as the 
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isohyet of eight inches in the summer month£> The great protluctivity 
of this region, however, must be laiti primarily to the vast area of level 
to gently rolling surface, 
little broken by steep 
slopes, and to the remark¬ 
able and sustained fertility 
of the dark-colored soils. 

Nature can provide 
only opportunities; these 
same grasslands remained 
quite inhospitable to settle¬ 
ment before the era of ma¬ 
chinery and big markets. 

The rise of the Corn Beit 
cannot be interpreted with¬ 
out reference to the growth 
of tile great cities and to 
the expansion of the rail¬ 
roads w'hich gave access to 
these cities. Nor can the 
particular kind of economy 
practiced in this area be 
understood without refer¬ 
ence to the traditions of the 
American people, who de¬ 
mand meat rather than 
"corn bread." 


Crop Combinations in 
the Com Belt. In previous 
chapters the effect of trans¬ 
portation development in 
causing a localization of 
crops in areas best suited to 
them has been pointed out. We have seen how certain vegetables and 
fruits have become established and have been intensively cultivated in 


Fui. 120. DeBeiepmtiit oi the North Aiftrnran 
Com BeiC to 19S9. (Coimeiy of the United 
Stalest DeptitMieot of Agricukure) 
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those localities where the combination of climate, soil, surface, anJ 
drainage is peculiarly favorable. We must now amplify this principle; 

for although maize exhib¬ 
its a notable localization in 
the Com Belt, this region 
is also ideally suited to 
other crops which are 
not similarly concentrated 
there, and although this is 
one of the chief maize- 
prod ucing regions of the 
world, only about 25 per 
cent of the area aitd 42 per 
cent of the cropland are 
used for the chief crop. 
Maize is associated with 
oats, wheat, and hay; and 
much of the total area is in 
permanent pasture/ 

There arc certain ten¬ 
dencies in agricultural land 
use leading toward a spe¬ 
cialization of crops, and 
there are other tendencies 
leading toward a diversifi¬ 
cation. Wc have seen that, 
with nothing more ade¬ 
quate than horse-drawn 
Vehicles, each community 
is forced to depend on local 

_ ,, . sources of the basic stip- 

Fro. J21. Hogs m tht bnued !itaus, !S60 to r < i- , ^ 

im. (Courtesy of the U«i«d Deprt- 

meot of Agriculture) specialization. 

Only very valuable prod- 


‘Sec tlw clitoission of the Corn Belt in Clarence F. Jones, Economic CfogritpiY (New 
York, 1941), fp. 2SM-m ^ r 
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uctSj for wbich. the cost of shipment represents but ^ smsll p3.tt of the 
total cost, can become localizcti in places where the conditions of tan-d, 
labor, Of capital arc par¬ 
ticularly favorable. The 
development of railroads 
and steamboat lines results 
only in a relative change in 
the operation of this eco¬ 
nomic principle, Sdll it is 
the crops having the larger 
values per unit of weight 
which respond most clearly 
to the forces leading to 
localization. Such arc most 
of the crops produced by 
Occidental plantations in 
the tropical forests: sugar, 
cacao, coconuts, coffee, 
bananas, and others- Such, 
also, are the fruit and vege¬ 
table crops, previousl y 
described as e:a£amples of 
localization* The sugar 
beets and potatoes which 
in certain parts of the Com 
Belt interrupt the prevail- 
ing crop combinations 
have become localized in 
response to this principle. 

These very valuable prod¬ 
ucts take precedence over 
maize, and where they arc 
grown there is little di¬ 
versification- 

specialization of crops is also apparent m the zones arountl the urban 
centers In these places, however, localization is brought about by the 


Fie. 122. Cijffic lit thr 1B60 lo 
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PiiUlp q^niUrin. N. V. 


Fig. 123. ji irat^ garden in the ifieinify of Neit> Yori^ 

high land valutrs near the cities ratJier than by any special quality of 
the soil Where land is expensive, only those crops can be grown on it 
which bring large returns in money income. Truck-garden zones arc 
established on the periphery of almost all the world’s cities, in many 
cases despite adverse conditions of climate, soil, or slope (Fig. 123), 
Among the more bulky products, such as the grains, it not uncom¬ 
monly happens that two or more crops arc in competition for the same 
territory, all of them finding especially favorable physical conditions. 
This is the situation in the prairies of the Corn Belt, where both maize 
and wheat find excellent conditions of growth. In these circumstances, 
provided there is a market for all the competing crops, those which are 
otherwise most narrowly limited by physical requirements generally 
get the first choice of the lantl. Thus, in the American Cotton Belt, 
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although maize grows [here excdlentlyt cotton, which is more nar¬ 
rowly limited by moisture and teraperaturc. occupies the best lands. 
In the Corn Belt, maize, being unable to grow as far coldward or as 
far toward the dry lands as wheat, has first choice of the land and tends 
to eliminate competing crops. 

The diversification of crops arises chiefly from two causes. In the 
first place, experience has shown that soil fertility, quickly exhausted 
by such crops as maize or wheat, can be maintained by a rotation of 
crops and by the application of animal manures. During the last cen¬ 
tury, as we have seen, crop rotation anti domestic animals have become 
important features of Occidental grain-farming. Tlien, too, the most 
efficient use of labor throughout the year is gained by crop diversifica¬ 
tion, In a one-crop system the work of planting, cultivating, and har- 
vesting U concentrated at certain times of the year, and pcriotls of 
relative idleness intervene. But the labor demands of different crops 
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are spread tliiferently over 
rhe seasons, so that a more 
uniforin distribution of 
work is possible in regions 
of diversified agriculture. 
For liicsc reasons other 
crops are associated with 
the dominant crop in the 
Com Belt. 

The operation of these 
various principles leads to 
the appearance of such 
specialized agricultural re¬ 
gions as the Corn Bek, 
The outlines of the region 
represent an adjustment 
between tJiese economic 
principles and the physical 
qualities of the land. The 
land, however, remains as 
a relatively permanent 
basic factor; it does not be¬ 
come a positive force in 
the man-land equation un¬ 
less it is significantly 
changed in the course of 
settlement—unless it is de¬ 
stroyed, perhaps, by wastc- 
Fic. ] 2 ^. Deertopmfnt of the arkfit! rrgiQffs of methods of farming. 

to 18^9, Otherwise, the positive 

Unned States Depanmeni of Agriculture) force Is the balance of costs 

, , .... prices deter mined by 

the economic conditions from year to year. Outlines of the Corn Belt 
arc threatened with change owing to the tievelopment by agronomists 
of a "hybrid corn," from the use of which the yields per acre may be 
increased by as much as 50 per cent. The widespread use of this new 
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variety could result in the 
reduction of the propor¬ 
tion of land in maizic, es¬ 
pecially on the poorer soils 
or the marginal areas. 

The Wheat Regions of 
the Utiited States. Wheat, 
unlike maize, is mostly 
used directly as a human 
food. It is stated that this 
grain provides between 25 
and 50 per cent of the fuel 
value of the food eaten by 
white people. It is there¬ 
fore not marketed in the 
forrn of fattened animals, 
but must be shipped as 
grain. Wheat is well 
atbptcd to this method of 
marketing, for the hard, 
dry kernels can stand 
rough handling and can 
be shipped even througli 
the rainy tropics without 
deteriorating. 

Wheat was carried onto 
the grasslands of North 
America along with maize, 
but before 1870 it show'ed 
little tendency to concen¬ 
trate (Fig. 125), In the 
decade between 1870 and 
ISSO, however, the binders 
and large pow’cr-dfiven 
threshing machines were 
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invented, making possible large-scale farming. The sertJers advanced 
omo the drier grasslands in three places; in the Red River plains of 
Minnesota atid North Dakota, m southern Nebraska and Kansas, and 
in the Columbia Plateau portion of Washington and Oregon. The next 
decade witnessed an enormous increase of production in these areas, 
especially on the Red River plains. The pattern of distribution as out¬ 
lined by 1899 has remained essentially tile same except for amplification 
of its details (Fig. 126). 

Advantages of the Grasslands for Wheat. To interpret wheat dis¬ 
tribution it is necessary to consider briefly the advantages svhicb parts 
of these grasslands possess for wheat production, advantages svhich have 
led to the establishment of wheat as a chief crop. We arc not concerned 
here with those areas where wheat is a minor crop, as in the Corn Belt, 
although these regions account for an important part of the world pro^ 
duction. On the dry margins of the prairies and bn the steppes wheat 
is not only dominant but, in places, occupies nearly all the cropland 
308 
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Whc 2 t will grow under many different climatic conditions. By a 
process of seed selection numerous vantlics have been developed which 
are adapted to conditions altogether different from those of the hied iter* 
ranean region. QuJck^maturing vanetieSj for uistanccj have pushed the 
cold limits far poleward. Only barky and potatoes can be pushed 
farther north. Up to the present time, however, no kind of wheat has 
been developed that can mature in less than ninety frost-frcc days. Nor 
can the seed be ripened with certainty unless the average temperature 
of the three summer months is at least 57*. Most of the world’s wheat 
is planted in the fall, starts its growth before winter sets in, and is ready 
for the harvest early in the following summer. This is known as tifinter 
wheaL Where the winters arc very cold <averaging below 20* in the 
coldest month), winter wlieat is unable to survive unless the ground is 
regularly protected by a deep covering of snow which is not blown into 
drifts. In the northern wheat areas—^thc Dakotas and part of the 
Washington-Oregon area—wheat is planted in the spring after the frost 
is out of the ground and is harvested in the late summer. This is called 


Spring wkcaL 

In its native habitat wheat is adapted to cool, moist winters and hot, 
dry summers, The largest yields of wheat are associated with a cool, 
moist period in the early stages of growth; but a hot, dry harvest season 
is required for the best quality of grain. Although very large yields 
arc produced in western Europe, the resulting wheat is soft and starchy 
and is considered to be poorer in quality than the hard, protein-rich 
varieties, which require hot, dry summers." In regions of heavy rainfall, 
too, wheat is subject to numerous diseases. The rainfall limits within 
which the crop is grown vary with the temperature. On the poleward 

’Earlv in its crowih the wheat phut send* up ndditionnl sotkf from Unis near j« 
roots, mlv as ntaiiy heads are developed as there arc stalks. Branching is pfomtiied bv 
cool mrnst weather during the carlv peri«l o£ growth, a randiiiM which Is best prosided 
bv lite cool marine climats of ihe condnental west coa.«s. Tiic largest yteldi of wheat 
dKcur in th«e tegionJ. but the much desired hard whotB. with ihetr high pmpn cnnirn! 
do not thris-c in thee wetter eUmales. The foHtTwing able g-vo the average vtelds of all 
varieties at wheal in bushels acic: 


summers 

Dcnm;ifk. . ^ ► 

Bcl^um + ,. . 1 * ■ 
New Zcjl.iiid , . - . ^ 


Mot Summer/ 

44 ...... 13 

36 Hungary , ^ - 16 

31 Argcntsnn * + . + ... 13 
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side iJie wheat concentrauons lie between the lO-inch and 40-inch rain¬ 
fall lines, but in the warmer wheat-producing region$ the rainfall limits 
become 20 inches and 70 inches. Wheal is grown both above and below 
these atnounis, however. 

The grasslands, then, especially those wkh severe winters, do not 
possess the best of wheat climates. They do possess one feature in com¬ 
mon, however, which makes wheat-growing possible on a large scale: 
the great expanses of level land permit the use of machinery, and wheat 
js now essentially a macbine<uUivated crop. As the decreasing rainfall 
or the mcreasingly unfavorable winters result in diminished yields per 
□ere, machinery makes possible the cultivation of more acres per farm. 
Thus, wheat has become established on the chernozem belts of the 
world, where climatic conditions have made it possible to compete on 
more even terms with maize, and where the deep, rich soils have main¬ 
tained their productivity in spite of continued use. 


The Dry Margins. The senltrs who pushed the agricultural frontier 
westward across the grasslands of the United States usually raised wheat 
at first, and only changed to maize later. Bui as the wheat farmers 
moved westward they did not stop at the western margin of the chcr- 
ntHcm belt. The chestnut-brown soils beyond lured the pioneers on 
with promises of quick wealth, especially after a series of wet years 
In the northern Great Plains three years of more than normal raLfall 
from 19H to 1916, and especially in 1915, started a wave of settlement 
Far out on the steppes the pioneers plowed up the short-grass sod and 
plated wheat. From the virgin soils large yields were gained, an<i 
aided by wartime prices, the settlers found themselves prosperous be’ 
yond their hopes. But then came the inevitable cycle of dry years from 
1917 to 1919-all years of crop failure. Many of the farmers who’man 
aged to survive the drought, with their farms heavily mortgaged were 
mined by the dmp of land values which followed the conclusion of 
World War 1. The fields were left to grow up in weeds; the tide of 
abandonment was almost as strong as the tide of settlement 

A similar story can be told for western Kansas. In one county the 
total income from wheat farming for a 64aacre farm for the whole 
Fnod from 1912 to 1954 was *21,167. This means an average income 
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of about $1000 per year for a farm of this size. But such a statistical 
average is far from the actual incomer per year. The fact is that of tlic 
total income quoteaJ abovcj $20,472 was received in one year, 1920, when 
the farmers in that county enjoyed a rare combination of favorable 
rainfall and high prices. Obviously this is a sptem of farming which 
is entirely speculative, and one which requires a considerable outlay in 
the form of relief funds from the government. 

The farmers on the dry margin who have managed to sur\'ive have 
learned a number of important lessons. A different agricultural tech' 
nique was necessary on these dry margins in order to make jicrmancni 
settlement possible. It was found diat by allowing the land to lie fallow 
for a year enough moisture might be stored up to permit the production 
of a crop the following year. Thus a part of the cropland is left bare 
each year,—carefully plowed and harrowed to reduce the evaporation. 
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Wheat grown with such dry-farming methods may ykld only from six 
to ten bushels to the acre, although in wet years the yield may be much 
more than this. But, airied by machiticry, the farmers ceased to care 
about the yield per acre, provided they could cultivate a suificient num- 
licr of acres. The Homestead Act had been changed in 1909 to permit 
settlers to occupy a maximum of 120 acres, and in 1916 the limit was 
further raised to 640 acres. Recent studies in Montana lead to the con¬ 
clusion that 1200 acres, or even twice this number, arc ncctled to provide 
security.' Furthermore, it has been found that on the steppes farming 
and cattk-ranching ought to be combined, so that in the dry years 
range cattle can provide some income to compensate, at least in part, 
for the crop failure. ^ 


Ihc *^di« of pioneer i«il=neat in T. Bowman, Tir Phurrr Fringe, Ameri«in 
C«Kraplii«l Society, Publieaiion No. 11. New Vork, 1931; ,nd Pion^rr 

(hjr hven^'-si, imihoft), Ammeno CecjfrjipWea] Society, Special fHihlI«don Na 14 New 

Yafk, [9%Z 
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Between 1930 anti WHi tliei-c was a very large nrovement of peo¬ 
ple away from the dry margin of the Great Plains, In 1931 there 
a serious drought in the northern part of the region-fiom Mon¬ 
tana to Kansas, Thereafter, in every year for ten years drought came 
to son^e portion of the Great Plains, and in both 1934 and 1936 the 
whole region was atTccted. With the droughts came the dust storms 
that blew the fertile topsoil from vast areas of plowetl land being used 
for dry farming. The combination of droughts, wind erosion, and 
the economic depression was too much for most of the settlers who 
had so confidently headed westward into the steppes a few decades 
earlier. But there is no reason to believe that history will not repeat 
itself: with a return of the cycle of wetter years, and with a high 
world price for wheat, the whole wasteful process may be started again 

(Fig* 130). 

Settlement of the Canadian Grasslands. In many respects the process 
of grassland settlement in Canada has been similar to that in the United 
States There is the same pattern of dispersed farms, the same articula- 
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tbn along the railroads, the same profit from unearned increment, and 
the same speculative inseciirity along the dry margin. The economy 
in Canada is based on the production of spring wheat, for the wheat 
regions there arc mostly too cool and have too short a growing season 
for winter wheat or maize. The chief movement of pioneer settlement 
west of Winnipeg came after 1900. In general, the densest population 
is established along the margin of the forest and along the mountain 
front, forming a crescent from Winnipeg in the east to Edmonton and 
Calgary in the wcsl The drier steppes arc only thinly populated 
(Plate 1). 


Settlement of the Argentine Humid Pampa. The Humid Pampa of 
Argentina forms the heart of the Argentine nation. Around its great 
city, Buenos Aires, is grouped more than three quarters of the produc- 
five capacity of the country. The Humid Pampa has become one of 
the world's leading producers of grain and meat, and Argentina leads 
the world in cX[»rted maize. But the story of settlement on the Argen¬ 
tine grasslands is very difierent from that in the United States and 
Canada^ 

The basic difference is the result of the attitude of the native Argen¬ 
tine toward land ownership. In most parts of Spanish America the 
pre-industrial tradition of the large private estate prevails. When the 
Argentine Humid Pampa was opened for settlement after 1857 (when 
the first railroad was built), it was quickly partitioned among a rela¬ 
tively small group of people. Within some 30 years the greater part 
of the region had been divided among 300 families. The estates were 
of vast size—100,000 acres or more. Furthermore, the people who owned 
the land were primarily interested in raising cattle, horses, and sheep, 
and not at all in agriculture except as it was necessary for the prepara¬ 
tion of gooil pasture. ^ 

The development of the Humid Pampa was paid for largely by in- 
vestments of British capital. The British built most of the railroads, 
they furnished the refrigerator ships to carry meat to Britain, and they 
sent out coal to supply Argentina. British and North American inter¬ 
ests built the packing plants, anti financed many other developments 
in Buenos Aires and other cities. The British wanted fat beef-not 
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the lean meat that came from the traJUional Argentine herds. They 
intrcNdyccd high-grade beef animals to Argentifia. 

A succession of events followed the introduction of the new beef 
cattitf and these events have resulted in the ecnergence of modern Ar¬ 
gentina. In the first place, the beef animals had to be fed from a culti¬ 
vated crop because they could not exist on the native Pampa grasses^ 
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Alfalfa proved to be tke ideal feed crop, for the climate and ground- 
water conditions, as well as the soils, of the Humid Pampa are excellent 
for this crop. But to clear the grass and prepare the land for alfalfa it 
proved to be necessary to plant wheat, at least for a few years. To do 
this the landowners Jiircd immigrant tenants, who produced wheat for 
a share of the crop, agreeing that after a specified number of years they 
would plant alfalfa and move away. Except for an area around Rosario 
in the northern part of the Humid Pampa, where maize is more im¬ 
portant than wheat, and a truck-fanning area around Buenos Aires, 
over 50 per cent of the land is used for pasture throughout the remainder 
of the region, and in the southeastern part more than 80 per cent is 
used for pasture. Alfalfa and wheat arc the crops, the latter raised by 
tenant farmers who remain temporarily on the land. The basic and 
permanent interest which determines the pattern of Argentine farm 
economy is the raising of high-grade animals (Fig. IJl). 

As a result, the unearned increment has been colicctcti by a very 
small proportion of the people* There are great differences between 
the wealthy landowners and the workers. But on the dry margins, 
where the large owners can go in or out of wheat production with 
great ease, there is much greater (k.Kibility of adjustment to market 
prices anti rainfall th.in is the case in North America. There is a strong 
tendency to reduce the number of tenant farmers by increasing the use 
of machinery, and as this process goes on there is a movement of rural 
people back into Buenos Aires. Here manufacturing industries arc 
being developed, and large numbers of displaced tenants who might 
otherwise create a serious unemployment problem arc converted to 
industrial workers. The difficulty is that Argentina, more than most 
countries, is dependent on overseas trade. It would be impossible to 
consume all the potential production of grain and meat in Argentina. 
Furthermore, Argentina lacks coal and other sources of power. TTic 
country is struggling with problems arising from the concentration of 
land in the hands of a few people, the very profitable development of 
commercial agriculture, and the subsequent restriction of international 
commerce. In Buenos Aires, too, the industrial way of living is making 
its appearance; Argentina is in the throes of the transition from a pre- 
industrial to an industrial society. 
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Settlement of the Russian Steppes. Within the territory of the Soviet 
Union there is a third major area of grasslands. The cherncKzem soil 
which lies under the prairie is the famous blacic-carth belt of Russia, 
extending from the nor titer n side of the Black Sea northwest of Odessa 
eastward to the edge of the mountains near Barnaul, and in scattered 
patcJtes even as far as Irkutst near Lake Baikal (Plate IS and Fig* 132^. 
The black-earth belt forms a narrow band between the forests farther 
north and the steppes and deserts to the south. Along this belt condi¬ 
tions for die production of grain are excellent, but the grain belt is 
gradually narrowed toward the cast by the convergence of lands which 
are unsuiced to agriculture because they arc too dry and lands which 
arc unsuited to agriculture because they are too cold. Today this region 
is the chief source of wheat for the Soviet Union. 

The story of the occupance of the Russian grasslands is one of special 
importance in this survey of w'orld problems of population. It is of 
special importance because the latest phases have been carrictl out in 
accordance with the methods of the soviet society. In a world threat¬ 
ened with conflict between two major divisions of the Occidental cul- 
ture, it is essential to observe as objectively as possible the conditions of 
settlement and the problems of man’s relation to the lanfl in a society 
diiTercnt from our own. The grasslands offer an unusual opportunity 
to compare the differences which arise from differences in culture. In 
North America wc have observed the settlement of the prairies and 
steppes by people of the industrial society. In Argentina we have ob¬ 
served the settlement of a similar region by a pre-mdustnal people, 
whose chief interest is in the raising of animals, in the Russian prairies, 
the steppes, wc sec still another similar region occupied first by a 
pre-industrial society, and then reorganized quite completely along 
soviet lines. 

The grasslands of European Russia were the Bret such regions in 
the world to be successfully occupied for grain farming. In accordance 
with the pre-industrial tradition die land was divided into large private 
estates, and the work was done by the labor of serfs. Armed only with 
the most primitive agricultural implements, the praine sod was broken 
largely by the power of human muscles suppleitientcd by domestic 
animah. Under a svstem of virtual slavery. w*ork was accomplished 
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which elsewhere proved impossible until the age of machinery. After 
the freeing of the serfs, a small proportion of the peasants were able to 
acquire farms of their own, but most of the agricultural workers were 
employed on the lands of the large owners. The average size of the 
peasant farms was between seven and ten acres, which h too small for 
the support of a family in the grasslands. 

Wheat was raised on the black-earth belt, not as a food for the 
peasants, for they generally ate ry'c bread, but for export. The grain 
was carried by wagon to the Volga River, and thence by river and canal 
to St. Petersburg (now Leningrad), where it was loaded on foreign 
ships for export to other European countries. In 1891 the Trans-Sibcnan 
Railroad was started, and a stream of pioneer settlers spread eastward 
into western Siberia, following the advance of the rails. Between 18^ 
and 1917 die population of Siberia doubled, and most of the new settle¬ 
ment was in die black-earth belt. 

Since the emergence of the soviet society after 1917, the new leaders 
have attempted to bring to Russia the technical and mechanical advan¬ 
tages of the industrial society, but to set up quite different social and 
economic institutions. In order to supply die large numbers of people 
who w ere concentrated in the new industrial cities a very large increase 
in the footl supply was needed. From subsistence farming on the black- 
earth belt, it was essential to develop a surplus production of staple fc^s. 

Two kinds of farms have been set up in the grasslands today. There 
are state farms and collective farms. The former are run by the gov¬ 
ernment under the direction of farm expens. In 1939 there were 477 
state grain farms, each intended to offer a practical demonstration of 
modern farm practices. Machinery has replaced the wooden plows 
which were common before World War I. The workers and their 
families arc housed m new model villages where schooling and recrea- 
tion can be carried on. But 93 per cent of the peasants work on collective 
farms, where they elect their own leaders and adopt their own rules. 
By 1935 some 72 per cent of the collective farms made use of machine- 
tractors;' large acreages-averaging 988 acres per farm-ar^ worked by 
machinery on a cooperative basis. In terms of the comforts of livmg 

'J. S. Crtfprf smd D. w. Shave. TAe USS.R., A 5«Twy, New York, 
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Fw* 133, Tapogrtiphir dctati on the RusiiaA stcppci. Ijocatian is shout 170 miles 
southeast of Moseou/, (Ffom Kurkina and CKcrnova sluwii (N 37-90 and N 37- 
91), Geodetic Survey Commiuec, U,S.S,H,, 1928} 

and the relief from tlic burden of ceaseless labor, the rural people of the 
black-earth belt arc much better off today than they were before the 
Revolution; yet they arc still far from reaching the material standards 
achieved by the farm population of the North American prairies (Figs. 
133 and 134). 

The Occidental Occupancc of the Savannas. The Occidental occu- 
pance of the lowdatimde grasslands has not gone so far as that of the 
prairies and steppes. The difficulties of tropical settlement are yet to be 
solved. As a matter of fact, the problems of coloniaation in the savannas 
arc in many respects similar to those already discussed in connection 
with Group II. There are the same medical cjurstions to be solved, the 
same difficulties of providbg access to the iiigh-aUiiudc settlements, 
the same problems of the political and economic control of native 
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peoples, and the same necessity of basing the scttltmcni on a product 
of commercial value. 

There are numerous naiural handicaps, especially on the lowland 
savannas, which impede the occupance by Europeans or Americans. 
The insect pests are even more of a menace to health than they are m 
the tropical forests. They spread disease not only among the human 
inhabitants hut also among the domestic cattle, which seem peculiarly 
susceptible. Only poor, scrawny cattle can be produced in these regions 
without 3 very expensive transformation of the entire scene. The nat¬ 
ural grasses are very poor as feed, so that artificial pastures of planted 
grasses must be preparctl. Then, too, because of the seasonal alternation 
between flood and drought, not only must these pastures be protected 
by drainage systems, but they must also be irrigated during the long 
dry season Although a few such developments have been carried out 
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—for example, near V^alcncia in Venezuela and on the scattered ranches 
of northern Australia—they represent only a negligible fraction of the sa¬ 
vanna area. Only on the higher plateaus, as in Brazil or southern Africa, 
have range cattle of good quality been raised on the natural grasses. 

The savannas of the Sudan present the additional difficulty, for 
Occidental occupancc, of being already inhabited by a native popula¬ 
tion. In these regions European political or economic control may be¬ 
come hrmly established, but actual settlement by Europeans in any 
numbers is unlikely. 

In two places, however, Europeans have made serious attempts to 
occupy the savannas. These arc southern Africa and northern Australia. 
Southern Africa, as we have seen, is a plateau of sufficient elevation to 
bring cool climates w'cll northward toward the equator. In the anal¬ 
ogous climatic position in southeastern Brazil a year-round rainfall 
supports a tropical forest; but on the Plateau of South Africa various 
types of grassland form a concentric pattern around the margins of the 
Kalahari (Plate 14), For hundreds of miles south of Johannesburg 
the vegetation cover is a pure grassland much like a tail-grass prairie 
(Fig. 12); to the north is a scattered tree savanna. The colonization 
of this area is still in the pioneer stage of experimentation. The settle¬ 
ments arc arranged along the axes of the railroads. As yet there has 
been little elaboration except near Johannesburg.' It is not yet certain 
what crops will provide the best support, although the beginnings of 
a concentration of maize are visible around Johannesburg and Pretoria. 

The European occupancc of the savannas of northern Australia is 
also very much of an experiment, and, in general, one which seems to 
be unsuccessful. Of all the savanna regions this one is in many ways 
the most difficult to occupy. There arc no mountain areas in the interior 
of Australia of sufficient size to give rise to large rivers. No permanent 
stream crosses the savannas. Furthermore, although the average annual 
rainfall along the north coast is heavy (about 62 inches at Darwin), it 
is very unevenly distributed during the year. Most of it falls betwTen 
November and April during the time of the onshore summer mon¬ 
soon, the average for January at Darwin being about 16 inches. From 

q. H. ’Wcltinpton, "LantI Uriluaacm in Souiii Africa," GeogfaphSca! Jirfiew, V<il. 22 
(1932), pp. 205-224, 
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May to September there is almost no rain. Inigatton would be essentia] 
for permanent settlctnent, yet there arc no streams to supply water. At 
present there is a widely scattered population of sheep ranchers who 
maintain contact with the outside world by radio and airplane. TIte 
prospects for the occupation of this region by additional settlers are not 
good; in fact, the tendency is for the numbers lo diminish as ranchers 
move away to more favorable parts of the country. 


THE ORIENTAL OCCUPANCE 

In all the great grassland regions of the world the experience of man 
in his attempt to form permanent fixed settlements has been similar. 
In a general way there arc the same problems of securing water, of 
clearing tire grass sod, of combating insect pests, of building houses to 
withstand the extremes of weather In a land without the slid ter of trees 
or hills, and of finding a suitable form of economy to make The settle¬ 
ment workable. But in each region we have described, differences in 
human culture—in the attitudes, objectives, and technical abilities of the 
settlers—have produced different relationships between people and land. 
Underlying the broad simtiariiy of all the regions of Group V are the 
detailed differences which make each area and its problems unique. 

This is illustrated w'ith special force in the story of the Oriental 
occupancc of Manchuria, another of tlie great mid-latitude grasslands 
of the world. Manchuria (Fig. 135) is a region of long and very cold, 
dry winters and short, hot, rainy summers. At Harbin the average tem¬ 
perature of fanuary is — 1-7°. From October to April the ground is 
frozen and generally bare. The roads at this time of the year arc easily 
passable. When the short summer comes (from May to September) 
the weather is hot and rainy, vegetation springs to life, the landscape 
changes from brown to green, and the roads arc deep with mud and 
all but impassable. Into this region, once occupied only by pastoral 
nomads, came die agricultural Chinese. 

Chinese Settlement. The Chinese settlement of Manchuria began 
over a century ago; for between 1821 and 1851 colonics w'ere established 
as far north as the Sungari River. Not until 1878, however, was colo- 
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nization given official sanction. During the last two decades of the 
nineteenth century a slow but steady movement of Chinese was filling 
the soutliernmost parts of Manchuria. Wiien the railroads were btiilL 
after 1900, the stream of settlement, as in the Occidental grasslands, was 
rapidly augmented. It w'as not until 1926, however, that the numbers 
of immigrants into Manchuria became spectacular. From 1926 to 1928 
over a million people a year moved northward, probably the greatest mi¬ 
gration in human history. Most of these colonists came from the famine 
zones of North China, chiefly from Shantung. After their arrival in 
Manchuria a few took advantage of the railroads, but the greater num¬ 
ber struggled northward on foot to find room foe settlement. 

The Chinese mode of expansion on this frontier is quite different 
from the expansion on Occidental frontiers. The North American 
ploncjcrs, for instance, traveled far beyond the margins of established 
settlement and located their homesteads in a zone of very thin and 
scattered population. Similarly, the older Russian expansion eastward 
along the black-earth belt sent colonies far out in advance. Not so the 
Chinese, This frontier spread northward "like a drop of oil " present¬ 
ing a solid front of dense settlement against the unsettled grasslands 
beyond the frontier, still occupied by pastoral nomads,' 

The story of settlement in Manchuria is greatly complicated by the 
fact that this region is of interest not only to the Chinese but also to 
the Soviet Union and to [apan. For some 2000 years, up to the end of 
the nineteenth century, Manchuria was important chiefly as a marginal 
part of China. To the Chinese it is known as the "tlirec castcrni prov¬ 
inces,” and only the foreigner uses the name Manchuria. In 1896, how¬ 
ever, the Chinese government permitted Russia to build the Chinese 
Eastern Railway to serve as a siiortcut on the Trans-Siberian line to 
Vladivostok, The Russi.ins, seeking an icc-frcc port, built a branch 
southward from Harbin to Port Arthur, near Dairen, The activities of 
the Russians brought them into conflict with the Japanese, who desired 
both protection from the advance of the Russians into eastern Asia and 
also the right to exploit the mineral resources of Manchuria, which 
include both coal and iron ore. As a result of the Russo-Japanese War 
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of 1904~1905, Japan took over the southern branch of the railroad and 
rcnamct.1 it the South Manchuria Railway. 

Tliese railroad lines were administered by essentially independent 
corporations, which therefore made them lines of Russian and Japanese 
penetration Into Chinese Manchuria. The corporations were responsible 
for the policing of zones on cither side of the rails, and they built mines 
and factories and developed cities. When the Japanese seized Mukden 
in 1931 and set up a puppet government for "Manchukuo,” the chief 
purpose was not to find new lands to colonize, but rather to have a free 
hand to develop and utilize the commercial resources of the country. 
In comparison to the millions of Chinese, few Japanese ever came to 
Manchuria. But the Japanese developed the coal mines, especially the 
mines at Fushun near Mukden, where the thickest coal seam in the 
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world (417 feet) is located. Ai Anshan, south of Mukden, large 
iron and steel works were built. For Japan, poor in coal, the con¬ 
trol of Manchuria seemed 
essential. As a result of 
World War II many of 
these industrial establish¬ 
ments were destroyed or 
removed. 

Manchuria is still a 
focus of conflicting inter¬ 
ests. At the end of World 
War II it was returned to 
China, bur the interest of 
the Soviet Union and of 
Japan in the region con¬ 
tinues. As one or another 
becomes relatively stronger 
or weaker as a national 
entity, this balance »s re¬ 
flected in increasing or de¬ 
creasing influence in Manchurian affairs. China, torn by Internal conflict, 
is not yet strong enough to stand against the continued influence of for¬ 
eign powers. But while nations jockey for commercial or military ad¬ 
vantage, the Chinese farmers have occupied the land with a stubborn 
and enduring attachment that would be difBcult to break. 

The Agriculture. Settlement in Manchuria was formerly based on 
subsistence grain-farmiitg. Even today the most important subsistence 
crops are a giant sorghum known as kaoliang, millet, and w'hcat. 
During the present century, however, the soybean has become more 
and more of a commercial crop, after the mode of the Occident. This 
remarkable plant is a native of eastern Asia and has been cultivated in 
China for many centuries. Its introduction into Manchuria was very 

'From Land IJtHiwtisn o/ Maaektsfia, by Notuo Muraltoshi and Gknn T. 
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successful. In 1908 a shipment to England found an overseas market, 
and since chat date exports of soybeans, bean cake, and bean oil have 
brought a steady cash mcomc (Fig. 136), The soybean has become 
particularly important to the Japanese as a fertilizer for their heavily 
overworked agricultural lands. The distribution of soybeans in Man¬ 
churia (Fig, 157) reveals the inBucncc of the railroad lines on the pat¬ 
tern of agricultural settlement. The chief concentration of this crop 
is in the Sungari Valley in the vicinity of Harbin. 

Cotjclttsion 

From Manchuria across Siberia to Europe and Africa, from the 
tropical savannas to the prairies of the Americas, didcrent peoples at 
various periods of vi'orld history have sought to establish themselves 
on the grasslands. For some people success was never attained. The 
spread of tropical grasses into the overworked clearings of the forest 
dwellers was a signal for the abandonment of the land. In only a few 
places could hoe cultivators w'age a victorious battle with the grass,— 
chiefly where they could occupy the lands in great numbers, as the 
Chinese have done. The cultures with domestic animals maintained 
themselves perilously on the steppes of the Old World; but, scourged 
by the recurring cycles of drought, these nomadic peoples have poured 
periodically into the neighboring regions in great waves of conquest 
and migration which have punctuated the course of history of ail the 
nations from China and India westward into Europe, For a time the 
Europeans also established a nomadic or seminomadic occupancc of the 
grasslands. Then, as the machinery of the Western world made possible 
the shipment of products from distant places and also solved the chief 
difbcultiesof permanent grassland settlement, namely, grass and scarcity 
of water, a wave of colonization brought a rapid and far-reaching trans¬ 
formation of the grassland scene. Occidental agriculture became estab¬ 
lished in accordance with the principles whkh govern the economics 
of the Western world. The conquest of at least a part of the grasslands 
seems to be secure. Who can predict that some of the experiments now 
being tried in the tropical grasslands may not also prove successful and 
pave the way for a new migration ? 
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Scssoi^s^l chuigc rcuctcs <1 m^xirnuni in the borKil forcil lands. In 
no other part of the world does die aspect of the face of tiic eartli 
Undergo such a radical traiisforination rhychniically, in tlic course of 
the year, as m tliese forest lands of the higher middle latitudes of the 
Northern Hemisphere. The intense cold and long hours of darkness 
during the winter enforce on the vegetation a long period of rest. Dur¬ 
ing this time the contour of die land is smoothed by a blanket of snow, 
and the rivers and lakes are locked in a casing of icc. At 6rst the longer 
hours of sunlight in the spring seem to make little impression on the 
frozen land; hut suddenly, in May or June, the bare ground is revealed, 
the ice breaks up and is carried downstream in grot thundering, 
chaotic masses, and the long-slumbering vegetation almost bursts into 
vigorous life. A carpet of flow'ers quickly covers the ground left bare 
by the melting snow, and the air is Jilled with myriads of insects. This 
is the brief period of breathless activiiy for all the Inhabitants of the 
forest,—all except man, the intruder, who finds travel difficult when 
he tries to penetrate the thick forests and Itogs away from the navigable 
rivers. Only where agriculture is attempted is this a busy pcritxl for 
the human inliabitants. With the first touch of fall the broadlcaf trees 
turn yellow or red. the insects disappear, and the land animals seek a 
shelter for the long winter hibernation. Great numlicrs of migrating 
anlnrals, especially birds, start southward. First with a touch of frost, 
then more firmlv with a grip of ice and snow, winter fastens us fingers 
on the land. The long, dark night .sets in. Then, from their .summer 
refuge near the rivers, men move out mto the forest, traveling easily 
on skis or snowshocs or sledges over the snow-covered surface or .along 
the smooth ice-covered rivers. These are the hunters, trappers, and 
lumbermen who extract from the forest at this time its toll of timber 
and furs (Fig. 138). No landscapes, not even those of the tropical 
savannas, could change more than this in the course of a year. 

The climatic background of this seasonal change is rdateil to an 
extreme continental position. Great ranges of temperature arc asso- 

331 




A GEOGR.APHY OF MAN 


dated with wide expanses of land, for only away from the oceans can 
great contrasts between w'arm sununers and cold winters be developed. 
Range of temperature, we have said previously, increases with increase 
ing latitude and distance from the sea. Since all the coniincnts taper to 
the south, no large expanses of land occur in the middle latitudes of 
the Southern Hemisphere; only north of the eejuator is land and water 
distribution effective in proilucing extreme continental climates. The 
northern lands where these extreme climates prevail arc the regions of 
Group VI. 


The Land 

VEGETATION AND CLIMATE 

The boreal forests which extend from west to cast across the con- 
tiiieirts of the Northern Hemisphere, poleward of the deserts and grass- 
lands, arc dominantly coniferous- Farther cquatorward on both the 
eastern and the western sides, as we have seen, lie the mixed forests of 
Group IV. The predominance of conifers north of the mixed forests 
docs not mean that the rigorous climatic conditions of the higher 
middle latitudes are more suitable to these trees, for actually conifers 
grow much better in regions of milder climate. But only in the north 
arc they freed from the serious competition of broad leaf s^pedes. 

The Taiga.' The northern coniferous forest, or taiga, can be con¬ 
trasted in almost every respect with the tropical selva. To be sure, both 
are evergreen; but this resemblance is only superficial, for the ever¬ 
green Conifers of the taiga do not enjoy the year-round growing season 
of tlie evergreen broadleaf species of the tropics. Then, the taiga is 
composed of a few- simple associations instead of a great variety of kinds 
of trees. Spruce, fir, larch, and pine are the chief conifers, and these are 
combined with such broadleaf species as aspen, birch, beech, maple, 
and willow. These forest regions, except in northern Manchuria, lie 
north of the range of the oaks. Among the most common associations 
arc the spruce-fir forests of North America, with larch (tamarack), 

H q Riiubn wurd neferrinj^ m the northern virpji fnrctti. 
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cedar) anti maple occurring along with spruce and fir in the swamps; 
or the Jir, birch, and aspen forests of western Siberia; or the larch and 
fir forests of eastern Siberia. Pure stands of pine arc found on some of 
the sandy soils, much as on the similar lands farther south in Group IV, 
The conifer forests are interrupted by broadleaf enclaves along the river 
banks or in some of the swampy areas, or where these species have 
sprung up as second-growth forest after the conifers have in one way 
or another been removed. 

The density of the stand of trees in the taiga varies greatly from 
place to place, but even in the most favored spots these forests do not 
form such a thick cover as the selva. Atdiough many valuable stands 
of timber are found, probably the greater part of the land is covered by 
poor, stunted, and knotted trees of little value as timber. At the north¬ 
ern limits of the forest individual mature trees, centuries old, have 
reached only the stature of small bushes. In marked contrast to the 
selva, the forest floor in many areas is littered with fallen trunks and 
branches or with bundles of upturned roots, which, because of the high 
pitch content of the wood and because of the cool climate, decay very 
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jlowJy. Especially in the swampy places the underbrush is so thick 
tliat passage through the forest may be extremely difficult. 

The pitch content of the conifer renders tt peculiarly liable to de- 
stmetion by fire. WJvere lumbering operations arc being carried on, 
sparks from the mills or camps frequently catch in the piles of slash¬ 
ings. In dry weather fires start very quickly, and once well under way 
are almost impossible to check. Few, indeed, arc the northern forests 
in which charred trunks do not give evidence of at least one destruc¬ 
tive fire. 

The clearing of the taiga, whether by extensive lumbering or by 
fire, is not followed by a rapid return of the original species. At first 
only a low growth of bushes appears among the stumps. Then, instead 
of conifers, the first trees to gain a precarious foothold on the land arc 
the broadleaf types, chiefly birch and aspen. Jn Siberia this second- 
grow'th enclave of broadleaf types is called ’'white taiga,” as opposed 
to the dark-green fir forests, which arc calletl "black taiga,” Only after 
a long pcriol of time docs the slow growth of conifers reproduce the 
climax forcsL 

The Native Animals of the Taiga, In another respect the taiga differs 
from the selva. Instead of lacking large ground animals, it Is the habitat 
of an animal population of extraordinary variety and number—an 
animal population which derives most of its foc^ supply from the 
aquatic life in the numerous rivers, lakes, and swamps. In fact, in the 
more northerly sections the forest animals are of tuuch greater value 
as a resource than the timber which shelters them, fn these forests 
roam the world’s chief fur-bearing animals; minks, martens, muskrats, 
foxes, wolves, badgers, bears, beavers, squirrels, sables, and ermines are 
included in the long list. There arc also several large ungulata, chief 
of which arc the Jeer, the moose, the caribou, and the close relative of 
the caribou—the reindeer (Fig. 139), 

The Climate, Temperature is the most significant climatic element 
in these regions. Fundamental in the production of the boreal forest 
landscapes, wi^ their marked seasonal contrast, is the alternation of 
long, severe winters and short, cool summers. Especially in the conti- 
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nent^I interiors very large ranges of temperature between the average 
of the coldest and warmest months arc experienced. For example, Win¬ 
nipeg, in Manitoba, has a range of 703’, between an average of —35' 
in January and, 66.4“ in July; and Dawson City, in the Yukon, has a 
range of 82.4", from —23.1" in January to 59.3" in July. As might be 
expected, the most extreme ranges of all are found in the interior of 
the largest land mass, Eurasia. The little town of Verkhoy.tnsk, in 
northeastern Siberia, holds the world’s record for the range betw'ccn 
the average temperature of its coldest and Its warmest montlis. January 
averages —583", and July averages 59.9’—a range of The 

lowest temperature ever recorded at Verkhoyansk is — 90°; but at this 
same pbee a fuly temperature uf 93,5° has also been recorded. Even 
lower winter temperatures has'e been reported from a place called 
Oimekon, where a w'taiher station has been maintained since 1928. .A 
minimtun of — 108“ was reported uuoJJiciall)' lor this place, which b 
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the lowesi [cmpcrature ever observed in free air at the surface of the 
earth. Both these places arc located in valleys among the low moun¬ 
tains of northeast Siberia where air drainage during calm, clear nights 
produces exceptionally low temperatures. Generally the winter tem¬ 
peratures in the northern parts of Group VI arc not quite so low as 
these extremes: --78" at Fort Yukon in .Alaska, —81* on the lower 
Mackenzie River in Canada, — 88* on the lower Lena River in Siberia. 
At all these places summer temperatures in the 90*s are normal. 

The winter temperatures are by no means so critical as the 
temperatures and the length of the growing season. Even though the 
summers arc short, this is more than compensated by the long hours of 
sunshine. Poleward of latitude 55" or 60° N. the number of hours of 
possible sunlight per day during June increases rapidly to a mnv imiim 
of twenty-four hours near the arctic circle (Fig, HO). At these latitudes 
it is not sufficient to measure the growing season in terms of frost-frcc 
days. Instead, it must be measured by the total number of hours of 
sunlight which come while the air temperature is over 42 j 6“ (below 
which the vegetation growth ceases). Because of the very rapid rate 
of growth resulting from the long hours of sunshine, wild plants and 
crops extend considerably farther toward the north than might be 
expected. 

The forests of Group VI, like those of Group IV, run diagonally 
across the continents (Fig. 51 and Plates 10 and 18). On the west coasts 
the boreal forest is more than 10“ farther north than on the east coasts. 
The southern limit of the forest in Alaska is about 55° N,, and in 
Scandinavia about 60“ N.; in northern Maine and in eastern Siberia 
the southern limit is south of 45* N. The diagonal arrangement is 
owing, as we have seen, to the contrast of warm and cold ocean water 
on the two sides of the continents in higher middle latitudes. There is 
an important difference to be observed, however, between the northern 
limit of the boreal forest in Europe and North America. In Europe 
the warm North Atlantic Drift runs northward along the coast of Nor¬ 
way into the Arctic Ocean, bringing ice-fret conditions around northern 
Norway and even some distance beyond (Fig. 156). But the barelv 
submerged range of mountains which forms the Aleutian Islands shuts 
out the warm Kuro Siwo from Bering Sea. As a result the boreal forest 
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does nor reach ihe coasr of 
Alaska, which is tundra^covered 
even in the Aleutian Islands well 
south of 60* N. 

The boreal forest is not 
broken by the dry lands in the 
continental interiors, as are the 
forests of Group [V. ft extends 
all the way across the Northern 
Hemisphere continents north of 
the grasslands. Its limits arc 
closely related to the tempera¬ 
tures of the summer months. 
The northern limit, w'hcre the 
boreal forest borders the arctic 
tundra, corresponds closely to 
the isotherm of 50* average tem¬ 
pera EUre for the warmest month. 
The southern limit, where the 
boreal forest borders the mi.xed 
forests of Group IV, is very close 
to a line drawn through places 
which have three months averag¬ 
ing over 50" and 3 fourth month 
which averages just under 50*, 
Where four months average over 
50" the summers are long enough 
so that the oaks and other trees 
characteristic of the forests of 
Group IV can compete success¬ 
fully with the conifers except on 
areas of porous soil. 

The rainfall over most of the 
boreal forest regions is low. Only 
on the continental margins is the 
total annual precipitation greater 
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than 10 Inches. Furthermore, most of the rain comes in summer,and the 
winters are characicristically dry and clear. This i.s owing to the posi¬ 
tion of these regions in tlic world pattern of climates. We may recall 
that the cold air masses which move southward over the middle lati¬ 
tudes of the Northern Hemisphere originate over the Arctic Ocean, 
Greenland, and tlic Jiigher middle latitudes of North America and 
Eurasia in winter. Although there may be heavy frosts where cold air 
is accumulating, there can be no precipitation because air is settling 
rather than rising. The skies arc cloudless, which promotes the radia¬ 
tion of heat from the ground and the further chilling of the air b 
contact with the ground. During the winters the area of cold air 
accumulation is so large that no w'artn air masses can bring moisture 
to it. Only on the contbental margins is there much snowfall (Fig. 
HI). Contrary to popular belief, supported generally by the "movies," 
Siberia in wmter is a land of little snowfall; the ground is mostly bare 
or cosered with accumulations of frost. Because of the intense cold 
and the lack of a protecting blanket of snow, the small rivers and 
marshes freeze solid, and the ice on lakes and larger rivers is so thick 
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that it can support the heaviest trucks anti machines, even locomotives 
pulling loaded trains. 

The average annual rainfall of the regions of Group VI is much less 
critical than the temperature, however. Because even in summer the 
temperatures do not average very high, the evaporation is never very 
great. At Verkhoyansk, for example, where the average annual rain¬ 
fall is only 51 inches, the evaporation is so low that crops can be raised 
with no thought of irrigation. Actually a large part of the area of 
Group VI is covered by marshes and bogs, some of them permanently 
frozen underneath. In summer, when the ice melts and the surface of 
the ground thaws out, large areas become all but inaccessible for people 
who must travel on the land. 


SURFACE FEATURES AND DRAINAGE 

The prevalence of lakes and marshes in Group VI, how'cver, is not 
solely die result of low evaporation. The surface features and drainage 
also contribute to this condition. Two chief processes have been at 
work in sculpturing the landforms of these regions: glaciation and 
running water. In both cases, for reasons we shall see, lakes and 
marshes are commonly produced. 

The Surface Configuration of Group VI. On both sides of the North 
Atlantic Ocean, in northeastern North America and northwestem Eu¬ 
rope, there is a remarkably similar development of the surface features 
(Plates 9 and 17), This part of North America is occupied by the 
Laurentian Upland, in the midst of w'hich is found the great indenta¬ 
tion of Hudson Bay. The southern end of this billy region in southern 
Canada and in parts of the United States is within the borders of 
Group IV. In Europe the Scandinavian Upland occupies part of Fin¬ 
land and most of Sweden and Norway. In the midst of this upland is 
the Gulf of Finland. Both uplands are made up of knobby hills rising 
above extensive marshy or lake-filled valleys. Within the uplands 
major terrain features arc formed by long and sharply-marked escarp¬ 
ments following old fault lines through the ancient geologic forma¬ 
tions here exposed at the surface. Both uplands rise gradually from the 
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Fic, 142. A vitlugf in the Scandhatfiiin Uptandr in l)iomay 

continenwl inicriors toward rsms which face the Atlantic. The sea 
face of this escarpment in Labrador and in Nons^iy is steep and rugged, 
forming what looks from the sea like a range of high mountains; yet 
only in southern Norway and in northern Labrador can it be classified 
as mountainous^ for elsewhere, on climbing to the top, one finds a 
rolling hilly surface sloping gradually inland. Both uplands arc bor¬ 
dered around their margins by cucstas which mark the upturned edges 
of the resistant sedimentary formations. 

Bordering these hilly uplands and their marginal cucstas are vast 
plains which c^ttend from the Wer middle latitudes of both North 
America and Eurasia northward to the Arctic Ocean. These lowlands 
in the north arc drained by three great north-flowing nversi the 
Mackenzie, the Ob, and the Yenisei. 

Immediately cast of the Yenisei in Siberia, the modcrardy-ilissccrcil 
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plateau of eastern Siberia rises abruptly from the lowlands of the west. 
This vast level-topped upland fills most of the area between the Yenisei 
and the Lena, reaching from the mountains of central Asia to the shore 
of the Arctic Ocean. A similar kind of terrain is found in tlie Yukon 
Valley of Alaska between the Alaska Range and the Brooks Range. 
The Yukon and its tributaries pass through this plateau in steep-sided 
valleys. 

Northeast Siberia, cast of the Lena Valley, is composed of ranges of 
high mountains, rising distinctly above a low mountain country. Along 
the arctic coast there is a wide CMstal plain, and another narrow'!y 
confined lowland connects the Bering Sea with the Sea of Okhotsk 
north of Kamchatka. 

The Extent of Glaciation. These various natural divisions of Group 
VI have been sculptured m detail by two quite different processes. A 
considerable area was never covered by the ice of the contbental gla¬ 
ciers, anil here the landfornis have been produced chiefly by running 
water. Glacial landforms, however, have been only very slightly moiU- 
fied by postglacial stream erosion in the other parts of the group. 

Since glaciers can be formed only where so much snow falls during 
the winter that it docs not all melt aw'ay during the summer, the places 
most favorable for ice accumulation arc in the regions cither of heavy 
snow'fall or of cool summers, or of both- Such places are found in the 
high latitudes or on die snowy continental margins of higher middle 
latitudes. It is believed th.it a climate not radically different from that 
of today was needed to produce the continental ice sheets of the 
Pleistocene. 

The areas of the world covered by Pleistocene ice are shown on the 
map (Fig, 143). In North America the chief centers of accumulation 
were in the far west on the snowy mountains of the ivest coast, and on 
the Plateau of Labrador, east and south of Hudson Bay. From these 
centers the ice spread chiefly south, cast, and west. The Labrador ice 
sheet e.'ttended as far south as Long Island. Its southern boundary 
crossed the Appalachians north of Pittsburgh, and thence followed 
roughly the line of the Ohio and Missouri rivers into the central part 
of the continent. A small area in Wisconsin was never covered by the 
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icc, although it was at one time entirely surrounded. The ice crossed 
Hudson Bay and covered the plains of centra] Canada as far north as 
the Arctic Ocean, but the Yukon Plateau was never glaciated. Ice still 
covers Greenland and parts of Ellesmere Island. In Europe the chief 
center of ice accumulation was the northern part of the Scandinavian 
Peninsula and Finland, from which the ice spread southward over most 
of the British Isles and, on the Continent, as far as the mouth of tlie 
Rhine and the highlands of central Europe. Eastward, how'cvcr, glacia. 
tion probably extended only a short distance beyond the Urals. Most 
of the great interior of Siberia, with its light snowfall, was never 
glaciated. In the Southern Hemisphere glaciation was extensive in 
the southern Andes and the New Zealand Alps. The largest area of 
accumulation was the Antarctic Continent, which is still ice<ovcrcd. 

Lakes and Swamps. In glaciated territory, whether the landforms 
arc dominated by the processes of erosion or of deposition, innumerable 
depressions, large and small, are formed. If these are deep enough, 
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they hold lakes. On the crystalline rocks of the hilly uplands the ice 
cars'cd a surface of alternating low rocky ridges^ smoothed and bare of 
soil on top, and bog-hllcd or lakc-dllcd hollows. The similarity of the 
landscapes developed chiefly by glacial erosion on the crystalline rocks 
of the Laurentian and Scandinavian uplands is striking. In Finland 
alone, for example, there arc some thirty-five thousand lakes, covering 
nearly a tenth of the total area of the country (Fig. 232). In North 
America a scries of large lakes have been formed along the margin 
between the crystalline rocks and the scdimentarics. In the south are 
the Great Lakes. Northward, arranged along this geologic boundary, 
arc Winnipeg, Athabaska, Great Slave, and Great Fear lakes. In addi¬ 
tion to these larger water bodies, smaller lakes or marshes nestle in 
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almost every depression. Travel by airplanes, equipped in summer 
with pontoons and in 'vs’inicr with skis, is an easy matcer in these re- 
gions, where landing places can be found every few miles (Fig. 144). 

On the lowlands the glacial landforms are chiefly those of deposi¬ 
tion. Here the greatest variety and confusion of surface topographic 
features appear, marked by only a vague festooning of the moraines. 
Some of these areas contain even more lakes and swamps than the 
hilly uplands. 

In whatever manner lakes may be formed, they arc only temporary 
features of the land in point of view of geologic time. Not only ore 
their outlets being cut down, thus lowering the level of their waters, 
but also their basins are being Riled with material washed into them. 
TJiroughout these glaciated regions all stages in the extinction of lakes 
can be found, from open W'ater bodies to marshy flats from wJtlch all 
signs of open water have disappeared. Along with the gradual filling 
of such depressions, there is a fairly definite succession of vegetation 
(Fig. 145). First, water lilies and sedges grow on the margins of the 
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open water. These gradually form a floating bog which extends out 
from the solid shore. The floating bog becomes thicker until it fills 
m sufficiently to form a marsh, and various shrubs and bushes crowd 
out the sedges. The first trees to appear are usually larch (tamarack) 
in pure stands; later, as the marsh becomes more solid, in the regions 
of Group VI spruce follows and crowds out the larch. These various 
elements in the succession can all be identified in more or less con* 
centric arrangement around lakes in process of extinction. 

Rivers in Glaciated Territory. The drainage patterns in glaciated 
country arc very diflerent from those developed by more normal proc¬ 
esses. Because of the blocking of pregladal valleys and the character 
of the surface left after the retreat of die ice, the rivers b such country 
arc extremely irregular and winding in their courses. In many eases 
they wander aimlessly from lake to lake, completely changing their 
direction of flow as they proceed downstream (Fig. M6). In ungla- 
dated territory, on the other hand, the stream patterns arc the usual 
dendritic or trdlis types. 

The regimen of the rivers in glaciated country is remarkably uni¬ 
form. The m.any lakes regulate the flow of water so that only a pro- 
tracted drought can have much effect, while sudden rams must be 

excessive to produce much uf a rise^ 

Floodplain Swamps. An exception to this statement, however, is 
found in the cases of the great north-flowing rivers of this group—the 
Mackenzie, the Ob, the Yenisei, and the Lena. These rivers are subject 
to extensive spring floods, and the lowlands, even W'hcre they are not 
glaciated, do not dry out rapidly after the water recedes. This irregular 
regimen arises from the conditions of the spring thaw. Since the head¬ 
waters arc freed earliest, while the lower portions of the rivers arc still 
bcased in ice, great jams arc the result, and behind these jams the 
water backs up over a large territory. The floods of the Ob are as much 
as thirty-five miles wide in some sections. Permanently water-logged 
surfaces, in many places underlain by peat, arc common m all these 
regions, covering as much as 75 per cent of the total area in the low¬ 
lands north of Tobolsk, In Canada the name ^muskeg'* is applied to 
such surfaces. 
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THE SOILS 

The mature soils of Group VI are well developed only In the un- 
glaclatcd areas. In the regions covered by glacial deposits the time that 
has elapsed since the retreat of the ke has permitted only the begin¬ 
nings of soil developmenL In both glaciated and unglaciated territory, 
moreover, no rnaturc soils can develop in swampy places. 

The soil type toward which the immature regoliths arc developing, 
and which is represented in mature form over much of Siberia, is the 
podro/.' The podsol profile is distinctly shallower than any of the 
other mature profiles (Fig- 59, /I), in few places reaching depths 
greater thart from eighteen inches to two feet. Soil development is slow 
^cause of the long period each year when the land is frozen. For 
various reasons, notably the absence of eartJiworms, the humus layer 
on the surface Is not mixed with the soil, but remains as a very black, 
highly acid accumulation. The lower part of the A horizon in mature 
pc^sols is leached to a gray or even white color. The B horizon is red- 
dish from the accumulation of part of the leached material, and is very' 
compact. These soils quickly lose their fertility under cultivation. 

In parts of Group VI there is a permanently frozen subsoil- This 
is the case in the far northern part of European Russia, in Siberia east 
of the Yenisei, and in pans of Canada and Alaska—all regions of light 
snow cover and intense W'uttcr cold. This frozen subsoil, by prohibiting 
the percolation of water, is a further reason for the extensive develop¬ 
ment of swamps. Because the removal of the vegetation cover has in 
some places resulted in the thawing out of this ice, it is thought that 
perhaps this plienomcnon has been inherited from the intense cold of 
the glacial epoch- It is known as fitrnjafrosf. 

The Occtipancc 

The boreal forest lands rival the deserts in their scantiness of human 
inhabitants. Although these regions comprise 10 per cent of the world’s 
land area, they arc occupied by only about 1 per cent of the world's 
population- Furthermore, most of the inhabitants arc recent comers 
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who have, for one reason or another, migrated to these more remote 
regions. The Asiatic steppe nomads, ficehig from the periodic droughts 
of the grassland regions, nor only pushed westward into the forests of 
Europe and eastward into China but also northward into the taiga, 
where certain of the steppe tribes sought refuge from their warlike 
neighbors. More recently the Occidentals have extended their frontiers 
of settlement into these regions, and scattered outposts of Westerners 
arc founil in the most isolated places, supported by such extractive 
industries as mining, lumbering, fisliing, and trappiiig. 


OCCUPANCE BY NONCXTCTDENTAL CULTURES 

The several different tribes which were piishetl northward into the 
Siberian taiga from the steppes of central Asia have readjusted their 
modes of life to this new environment in various wap. Some have 
given up their horses in favor of cattle; others, such as the Samoyeds of 
northwestern Siberia, have adopted the reindeer and have remained 
pastoral nomads. Perhaps the most adaptable of all these ''native” 
peoples arc the Yakuts, who occupy the basin of the Lena River in the 
heart of the world's "cold pole.” They have learned to supplement 
their cattle with fish and game, to raise agricultural products and sell 
them to the Russian settlements, and even to act as traders between 
the Russians and the more remote forest tribes along the Lena and its 
tributaries. The still more primitive peoples of the Canadian forests 
who practice an economy of hunting and fishing only, arc believed to 
have migrated from Asia through Siberia and Alaska into the New 
World ai a time before mankind had advanced to the domestication of 
other animals dian the dog. 

Contacts with the European and American settlements or trading 
posts have seriously disorganized the native ways of living. In Siberia 
only the Yakuts arc still increasing in numbers. In both Siberia and 
Canada the Occidental demand for furs has led to an increase of winter 
trapping. Men with their families start out into the wilderness in the 
fall and establish themselves In remote and isolated places, where they 
spend the winter in gathering a supply of pelts. With the melting of 
the snow in spring, when travel is limited to the rivers, thev return to 
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the trading posts and there exchange their skins for articles manufac¬ 
tured in the Occident, such as foods, rifles and ammunition, clothing, 
and strong drink. 


OCCIDENTAL OCCLTANCE 

This fur tratlc of the Europeans with the inhabitants of the taiga, 
both in Siberia and Canada, is now many centuries old. As early as the 
eleventh century the merchants of Russia were carrying on trade with 
the inhabitants of the Ob Valley. Trading posts were established during 
the sixteenth and seventeenth centuries, mostly at the mouths of the 
rivers down which the "natives" brought their loads of skins In the 
spring. The famous Hudson’s Bay Company received its charter from 
King Charles 11 in 1670, and proceeded to locate posts first around the 
shores of J.imcs Bay and later along the western shore of Hudson Bay 
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(Fig. 148). For some rime the Company did not find ir necessary to 
penetrate inland, as (he Indians brought their furs over great distances 
in order to purchase the white man s products. Coitipctirion with other 
fur-trading companies, however, forced the establishment of posts in 
the interior, mostly at important river junctions or at portages between 
river systems. Meanwhile the Russians had pushed their trading ac¬ 
tivities across Asia and into Alaska, and cveji southward along the 
Pacific coast to the Spanish settlements in California. Only the moun¬ 
tains separated them from the domains of the Hudson s Bay Com¬ 
pany. Through the activities of these big trading companies vast areas 
of the boreal forest lands came under the control of two nations; 
Great Britain and Russia. In 1867 the United States purchased Alaska 
from Russia. Today railroad tentacles have been extended into these 
regions, and the posts at the railheads are the chief points of concentra¬ 
tion of the fur traders. 
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Mining suid Liinibcring. Meanwhile other types of Occidental occu- 
pance have appeared which have done more to transform the land¬ 
scapes of the forest lands than have the isolated trading posts or tiie 
activities of the trappers. These arc the mining and lumbering settle¬ 
ments. Mining camps associated with the precious metals commonly 
grow with mushroom rapidity, and after a period of feverish existence 
are entirely abandoned. Furthermore, it is not much of an exaggeration 
to say that no place is too Isolated or too remote from the developed 
means of transportation to prohibit the establishment of a mining 
settlement for the exploitation of such minerals as gold, platinum, and 
uranium, provided the ore bodies are sufficiently rich. Placer go-id was 
exploited as early as 1830 in the territory just west of the mountains of 
central Asia between the headwaters of the Ob and the Yenisei. Other 
gold camps sprang into being, flourished, aiid declined. Today the 
chief centers of placer gold-mining in Siberia are located along the 
valley of the upper Lena and its tributary, the Vitim, northeast of Lake 
Baikal (Fig. 151). Placer gold, too, was the cause of the great gold 
rush of 1898 into Alaska. Auriferous gravels arc widely distributed 
throughout the Yukon Valley and its tributaries (Fig. 153). 

Somcwliat more permanent arc the mining settlements based on 
veins in the bedrock, sucli as the nickel, platinum, gold, and silver 
mines of the Sudbury'-Cobalt Region of Canada, Most of the >cm 
minerals, as in this ease, are located in the uplaitd areas of ancient 
crystalline rocks, bince prospecting must be done in summer, when 
travel away from the rivers Is especially difficult, it is little wonder that 
the supposed mineral wealth of such regions as the Laurentian Upland 
of Canada should remain even today so little developed. The discovery 
of the ores at Sudbury in 1883 resulted from the digging of a cut along 
the new railroad line then being extended westward. Since the inven¬ 
tion of methods for the use of uranium in atomic fission, this mineral, 
which is knowTi to occur in several places in the Laurentian Upland, 
has been made the subject of widespread search. Where uranium ores 
have been found, large mining camps have been established. 

Other mining regions require even closer connections with the in¬ 
dustrial cities of Group IV, The iron mines of the Mesabi Range, west 
of Duluth, arc very fortunately located at the end of one of the W'orld's 
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finest Inland waterways, leading directly to the bdustrial cities farther 
south. The Klruna iron district of Sweden (Fig. 193) is not so for¬ 
tunately located, for a railroad line is necessary to connect the mines 
with Narvik, on the other side of the Scandinavian Highlands. Ore 
bodies in Siberia, including iron and coal, are at an even greater dis¬ 
advantage. Although the rivers of this part of the world arc navigable 
during the summer, Uiey lead northward to an ocean which is open, if 
at all, for only a few months each year; in other words, these rivers arc 
oriented, as is Lake Baikal, at right angles to the desired lines of travel, 
Yet coal fields are being worked along the line of the Trans-Siberian 
Railroad, chiefly south of Tomsk and west of Irkutsk (Fig. 151). 

Lumbering operations in these regions are similar to mining in that 
they carry on the "destructive exploitation" of a resource which is not 
replenished. As the forests arc cut over, the lumber camps must move 
on. Many are the towns of Canada, such as those along the northern 
shores of Lake Huron, which flourished for a time and then declined 
^52 
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lumbering uper^tions were to oUicr areas of virgin timber. 

Now some of them are fecliitg a renewal of prosperity, perhaps less 
temporary, with the rise of the paper-pulp industry, which does not 
require such high-grade stands of timber. The paper and match iii’ 
ilustries, utilizing the abundant water povrer, arc of Importance in the 
forests of Sweden and Finland, In northern European Russia the 
Soviet government is now csiablishtng carefully planned lumbering 
settlements, supplemented by enough agriculture to make them sel^ 
supporting.' 

^Sn: thf: v^iriou^ studies of puncer $etil^niciiis in the boreal forest landi cnfit^nrd In 
Hitnrrr Codpo^ti vr! StLidiK, Am£rii:iii Geognphita! Sodetv, SpeebK Piihfica- 

tirHTi Xa 14 (Ncty Y'orlsr 1^33); especially 236-3.39. 
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Agricultuial Settlement. Agricultural settlement in the boreal forest 
lands has been pushed far to the north, cs'cn beyond the arctic circle, 
yet the areas of such settlement are small and isolated. They represent 
inhabited Islands in the midst of the thinly peopled forests. Like all 
Occidental pioneer settlements, they are located along the chief lines 
of travel—the navigable rivers or the rail tentacles. 

The chief axis of settlement in Siberia b the Trans-Siberian Rail¬ 
road (Fig. 151). This follows the black-earth belt of the grasslands 
until it enters the forest in the neighborhood of Tomsk. Clearings 
along this line in Group VI arc scattered from Tomsk to Irkutsk, and 
beyond Lake Baikal in the valley of the Amur and its tributaries as far 
as Vladivostok. Penetration into the taiga to the north follows the 
vallevs: along the Dvina nearly to Arkhangelsk, along the Ob to Tobolsk 
and beyond, and along the middle portion of tlie Lena to Yakutsk. 
Isolated spots of settlement are found in the valleys even within the 
arctic circle, the most northerly of these being Verkhoyansk. 

In Canada the chief axes of settlement have been the St. Lawrence 
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River in the east anti the railroacl lines across the grasslands beyond 
Winnipeg In the west (Fig* 152). Penetration of the forests to the north 
by agriculturists has been successful only in isolated localities. The 
occupance of the Laurcntian Upland has been especially difficult, in 
spite of the proximity to the large cities along the St. Lawrence* Only 
in the Lake St. John lowland, and in the clay belts south of James Bay 
which have been opened up by the railroads, as around Cochrane, have 
agricultural settlements persisted. As in Finland and northern Sweden, 
this region seems little suited to agricultural occupance. The clearings 
north of Edmonton along the Peace River, however, are analogous to 
those of the Siberian taiga. 

Agricultural settlement in Alaska has also been slow in developing. 
Although agricultural products of good quality have been raised at 
Fairbanks on the Tanana River (Fig* 153), the difficulty of reaching 
a marker has proved very great* During the decade before World 
War II, a new pioneer colony was established in the Matanuska Valley 
around Palmer, along the railroad north of Seward and Anchorage* 

Though the patterns of occupance on this northern pioneer fringe 

355 










A GEOGRAPHY OF MAN 



Fie. I5i. CropliMd of /ilmfia 


resemble those of ihe early stages of Occidental settlement in the other 
forest iamls of the world, it Is not at all certain that thev can be elabo 
nitetl as the others have been. Agriculture is bantlicappetl in the boreal 
forest lands in numerous ways. The severity of the w'inters, the short¬ 
ness of the growing season, the isolated and spotty distribution of the 
areas of favorable soil, and the difficulty of reaching a marker are all 
major obstacles to this form of occupancc. As the climate becomes more 
rigorous toward the north the importance of the cdaphic elements in 
limiting the areas of potential settlement becomes greater. In spite of 
the opiimUm expressed in some of the propaganda, there is considerable 
doubt as to whether these isolated forest clearings can ever be incorpo¬ 
rated In the main area of Occidental settlement by the conquest of the 
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surrounding territory. This may be possible in certain areas along the 
southernmost margin of the taiga, but in most of the lands of Group VI 
widespread agricultural settlement under present conditions will prob¬ 
ably not be feasible. 

Animals and Crops. The pastoral and agricultural products which 
miglit support pioneer settlement in the boreal forests are numerous. 
Most important at present are the animals raised for meat or dairy. In 
terms of acreage the feed crops arc more important than the food 
crops, and many of the grains are cut for hay and stored for winter 
feeding. Although cattle can scarcely compete for the large city mar. 
kets in the regions of Group [V, they can be marketed in near-by 
lumbering or mining communities. Reindeer, however, might well 
compete with cattle raised in places closer to the markets. Reindeer 
do not need to be sheltered or fed on stored hay during the winters, for 
they can take care of themselves. Reindeer meal has actually been 
successfully sold in the United States, as it has been for a long time in 
the Scandinavian countries. It was so successful in the United States 
that a storm of protest from cattle-raisers was aroused. Stefansson’ be¬ 
lieves that the far northern pastures can, in fact, be developed to provide 
an important additional source of meat. But a pastoral economy sup¬ 
ports only a small total number of people. 

In a few parts of the regions of Group VI the production of spring 
wheat has provided economic support for settlement. The Peace River 
District of Canada, for instance, has been organized around the pro- 
iluetion of this grain, as have also the similar clearings in southwestern 
Siberia. An increase in the demand for wJieat in the world markets 
would perhaps result in an extension of these wheat-growing com¬ 
munities; for wheat ean be raised on favorable soils as far as the limit 
of ninety frost-free days and as far as the isotherm of 57'* average 
temperature for the three summer months (Fig. 126). If suitable 
soils can be found, the temperature conditions would permit the de¬ 
velopment of wheatlands even north of the Peace River District and in 
certain small areas in Alaska (Fig. 153). However, wheat production 

^VtlhjalfTiur Sicfarkiscm^ 'The of the Northern Landi," in Cirmaif and 

Yearbook id thtf U, S, Pcpirimenl of A^culturc, pp. 205-216. 
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in xhcjc areas must remain marginal both in the economic and in 
the geographic sense. 

Bej'ond wheat other crops reach the farthest limits of agriculture. 
The hardiest of all the grains is barley; in the most northerly agri¬ 
cultural settlements of Siberia, Canada, and Alaska the usual crop 
combination is composed of barley, hay, and potatoes (Fig. 7B). 
Vegetables and berries of rich flavor find suitable conditions of growth 
at these high btituiies and, with the establishment of canneries, might 
conceivably provide a commercial basis of settlement. Vegetable gar- 
dens arc plantcil even on the tlclta of the Mackenzie River not far from 
the margins of the Arctic Ocean. 


Conclusion 

Man is still the intruder In these regions. Various cultures, driven 
by necessity to seek a refuge in the forests, have been able to maintain 
tlicmselves, even if they have succeetlcd in doing little more than this. 
The Occidentals, in their search for the primary materials with which 
to fashion the structures and implements of their civilization, have 
established mining and lumbering centers even where all the necessary 
foodstuffs have had to be brought in from other regions. They have 
done the same in other parts of the world. These regions have now also 
been penetrated by the fringes of Occidental settlement. In especially 
favored places the isolated communities of pioneer farmers may prove 
permanent, but they arc not likely to lose the flavor the frontier for 
a long time. 
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Cold weather, even m summery sparse vegetation or no vegetation 
at ail; snow and ice visible in the landscape, at least In patches, through¬ 
out most of the ycai,'-these arc the outstanding characteristics of the 
polar lands. All these things can be citpcricnced in one place or another, 
and at one time or another, in various parts of the world; but nowhere 
else, save on the poleward margins of the neighboring groups, can one 
find the long winter nights when the sun never comes above the hori¬ 
zon, or the long summer days when there is no darkness. 

The polar night of the lower arctic latitudes, with its strange beauty, 
has been vividly tlescribed by the explorer Nansen: 

The $ky is like dn i^tipak^ blue it ibe zenith^ shading down iniD 

green, and then into lilac and violet at the edges. Over the ice fields there arc cold 
violcr-hlue shadows, with lighter pink linu where a ridge here and there calchcs 
the tas[ reflect ion of the vanished day. Up in The blue of ihe cupola shine the stirs, 
speaking peace, as they always do, those unchanging friends. In the south stands i 
Urge red-yellow moon, encircled by i yellow ring and light golden clouds fioaiing on 
the blue background. Presently the aurora borealis shakes over the vault of heaven 
its veil of glittering silvex^—changing now to yellow^ now to green, now to red. It 
spreads^ It contracts again, In restless change; next it breaks into waving, many- 
folded bands of shining silver, over which shoot billows of glittering rays, and then 
the glory vanishes. Presently It shimmers in tongues of flame over the very ^Lenith, 
and then again it shoots a bright ray up from the horizon, until the whole melts 
away in the moonlight, and it is os though one heard the sigh of a departing spirii. 
Here and there are left a few weaving streamers of light, vague os a foreb^ing— 
They art the dust from the aureira''s gliTierifig cloak. Bui now it is growing again: 
new lightnings shoot up+ and the endless game begins afresh. .'\nd oil the time 
this uitcr stillness,^ Impressive as the symphony of infinitude.^ 

How very different are these snmc scenes during the polar day! The 
colorful beauty of the night is losE in the white glare of the brilliant 
yet hear! css sunshine* Instead of the awe-in spiring displays of light and 
shadow on white snow surfaces, the day brings pale skies, a horj^{>r! 
veiled in fogSj and a foreground of barren rocks and patches of ice or 
snow now^ pitilessly revealed in the daylight. 

^F. Nanwn. Finfkrft ^ori/t (New Yocfc, Ifl^), pp. 252-2^J. 
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For tht whole twenty-four hours of the earth s revolution the sun 
circles tlic horision, bringing real warmth only to the slopes which arc 
steep enough to receive its rays nearly perpendicularly. In the shade, 
on the north-facing slopes at noon, or on the south-facing slopes at 
midnight, the air is cold. Bare ground appears from beneath the melt¬ 
ing snow, and the ice on the polar seas breaks up in jumbled masses. 
In the far north sheltered places, warmed by the reflection from neigh¬ 
boring cliffs, are filled with a luxuriant cover of ejuick-flowering plants. 
Near the southern margins of the arctic regions, where the summer 
temperatures climb well above freezing, the land is covered with a mat 
of mosses, lichens, grasses, and flowering plants. Here only the surface 
thaws out, soaking this mat of vegetation like a sponge and providing 
breeding places for swarms of mosquitoes. 

Except for the cool summers and cold, dark winters, the two polar 
regions of the earth arc very.different in character. The arctic is com¬ 
posed of a deep ocean basin, bounded by the northern coastal plains of 
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North America and Eurasia, with their fringes of Island clusters, fust 
the opposite condition is found In the antarctic; for here there is a 
continent five million or so square miles in area, larger than Europe, 
which is bordered by the stormy Antarctic Ocean. Whereas the arctic 
shores are sparsely inhabited by men, the Antarctic Continent is totally 
uninhabited. 


The Land 

VEGETATION AND CLIMATE 

In many respects the polar lands resemble the dry lands. Both arc 
deserts in the sense of being largely un In habited and also in the sense 
of possessing a meager cover of vegetation. The one is a desert of 
drought; the other, a desert of cold. Both of them, moreover, are 
bordered by a margin of semi-desert, a transition zone which separates 
them from the world's forest lands. Around the dry deserts arc the 
grasslands of Group V; around the cold deserts are the tundras.’ 

As in the dry lands, there are few places in the polar lands which 
are entirely without vegetation. Glaciers present to the eye a glittering 
white surface without vegetation cover; and there are many areas of 
bare rock. But even the bare rock, on closer examination, usually proves 
to support mosses and lichens and scattered plants. 

Every Aftiit: traveller rcTncmbers his surpnsc and dclighr when for the first 
time in high latitudes he came m meadow s of rich grasses, bright with taJl, yellow 
buiccrcupSp luixuriant saxifrages^ violet euckoo Bowers, blue polcmoniuinSs or many 
other flowers; moorlands purple with saxifrage as a Scottish hillside is with heather; 
peat bogs while with myriad tufii of waving cotton grass; dry banks with iheir 
hundreds of sturdy white and yellow popples* clurtipi of red and yellow saxifrage, 
dryas* tampions, and other blooms; nr soitie wind-swepi summit on which the 
Arctic pnppy triumphanxly flowered.* 

The Tundr^p The charactcrisKc vegetation of the polar regions is 
the tundra^ but the tiJjidra itself,.like the grasslantls* is composed of 

^Far the eonvenience of ctaMifkation rtic xundra and polar doerts are Included m- 
geshcr in one ^oup, and ihc dry deserts and ^asslands, with their varied modes of dcexi- 
panec, are placed in separaie groups. There can be no argnmen! for this except es^pedscncy. 

“R. N. Rudmose'Btown, The Patur (Mew Yc^rk^ I&27), p. 112, 
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tr^insitional types. From the margins of the taiga, northward to the 
absolutely barren polar desert, three chief kinds of tundra are rccog' 
nized: these are the hmh tundra, the grass tundra, and the desert tundra* 

The first of these is found on the ^gc of the taiga and in a few 
especially well-sheltered spots farther to the north. Here the flora is 
composed of dwarf trees, chiefly willow, birch, alder, and mountain ash. 
Where conditions are particularly favorable a scrub forest of birch is 
found, as in southernmost Greenland; but mostly the tallest individuals 
rise no more than three feet above the ground. The bush tundra grades 
ofl rapidly into the broader zone of the grass tundra, which is composed 
of a nearly continuous mat of sedges, mosses, and lichens, mixed with 
bushes which lie prone on the ground. This grass tundra, like the other 
polar types, rests on a permanently frozen regoUth; and when the sur¬ 
face thaws out during the summer the water does not drain away, but 
is soaked up by the spongy vegetation. Summer travel over these tun¬ 
dras is described by the expressive term mus/urtg. Still farther poleward 
the grass tundra breaks up into detached "oases" in the sheltered hol¬ 
lows, separated by expanses of bare rock or regoiith. This is the desert 
tundra (Fig. 155). 

The Animals of the Polar Lands. In view of the severity of the polar 
winter the richness and variety of the fauna of the arctic regions arc 
remarkable. Many of the land animals of the taiga migrate northwartl 
onto the tundra during the summer months. The reindeer of Eurasia 
and the similar, but smaller, caribou of North America arc the most 
important of these. Another large herbivore found far within the arctic 
is the musk ox, or ovibos, generally now surviving only in isolated 
herds which graze on the more luxuriant patches of desert tundra. 
Two small herbivora—the arctic hare and the lemming—arc also wide¬ 
spread in the arctic. 

Following the herds of reindeer, caribou, or musk ox are a number 
of predatory animals, such as the wolf and fox. Most of these carnivora, 
however, belong typically to the taiga fauna and are intruders in the 
polar lands. The drift ice of the polar sea or the immediate coastal 
margin is the habitat of the polar bear, which preys chiefly on marine 
life—the seal and the walrus. 
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Fig. 155. hatttrrj ott th^ grass tundra in Atasi^a 

Bird$ and insects are particularly numerous. Mosquitoes arc prob- 
ably present in greater numbers in sunmicr over the tundra than 
anywhere else on earth and are a terrible plague to the human ami 
animal inhabitants, although not as carriers of disease. Bees and butter- 
dies perform their usual function of the fertifiction of Hewers. Flies 
are abundant, espicdally near human habitations. Attracted in part by 
this abundance of insect life, many a migrating bird in summer makes 
the tundra its goal. The rocky shores of the arctic seas pro^'idc breeding 
places for a great number of the birds well known in middle and even 
low latitudes. The land birds which remain in the regions during the 
winter include the ptarmigan, the snowy owi, the gerfalcon, the raven, 
and the snow bunting. 

Sea life is rich. Although reptiles, amphibians, and fresh-water fish 
arc either entirely absent or very rare, the inhabitants of the polar 
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arc varied and numerous. The seal, the walrus, the whale, the 
narwhal, and the sea elephant are among the most typical forms of 
sea life. 

In the antarctic regions a land fauna is practically nonexistent, al¬ 
though the sea life is abundant. The largest known land animal on 
the Antarctic Continent is a wingless mosquito, found in only one 
single protected locality. There are no land mammals; no land birds. 
Because of the absence of predatory animals, the penguins find condi¬ 
tions on the coasts and on the isolated islands of the Antarctic Ocean 
ideal as brcctling places. These birds, unable to fly and awkward on 
the land, could scarcely exist in the presence of a land enemy. 

The Polar Climates. These various zones of vegetation with their 
associated faunas correspond closely to the summer temperatures. All 
the polar climates average less than 50* in the warmest month. In the 
Northern Hemisphere this isotherm corresponds closely to the bound¬ 
ary between the taiga and the lundrx The continuous vegetation cover 
of the bush and grass tundras is found mostly within the regions which 
have warmest-monih temperatures between 50* and 41° (Fig. 156). 
Where the temperatures drop below 41* In the warmest month, only 
the desert tundra can exist. The polar desert, including the areas 
covered by ice, corresponds with the places where the warmest month 
averages below 12* (in the Northern Hemisphere only Greenland and 
possibly a portion of Ellesmere Island). 

In the Southern Hemisphere very little of the Antarctic Continent 
extends far enough northward to reach the isotherm of 32*. Only in 
these few places is any vegetation found (Fig, 157), A very peculiar 
type of polar climate exists in southernmost South America ami some 
of the islands of the Antarctic Ocean. Here, although the warmest 
month averages under 50°, the coldest month is over 32”. This is an 
extreme of marine conditions—the result of great expanses of opicn sea. 
Tierra del Fuego, in spite of its position with reference to the isotherm 
of 50° for the warmest month, is covered by a broadlcaf forest, mostly 
of antarctic beech. 

The polar climates are not necessarily colder in winter than are the 
climates of higher middle latitudes. The lowest air temperature ever 
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rccortlcd at tht surface of the earth was observet! in northeast Siberia 
about on the arctic circle. Most of the polar regions arc known to 
experience winter temperatures considerably more moderate than this. 
It is possible, however, that winter observations in the interiors of the 
high icc plateaus of Greenland and Antarctica might give readings 
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even lower than Verkhoyansk. Froin both Greenland and Antarctica, 
especially the latter^ come great outblasts of cold air which move at high 
velocities and blow along great quantities of snow. Mawson names the 
Antarctic Continent "the home of the blizzard.” The neighboring 
oceans in the higher middle latitudes of the Southern Hemisphere are 
among the stormiest in the world. 

SURFACE FEATURES 

The surface features of the polar lands include all varieties of relief, 
from low, swampy coastal plains to high ice plateaus and glaciated 
mountains. In the Northern Hemisphere the Arctic Ocean is bordered 
for the most part by the Eurasian and North American coastal plains 
(Plates 9 and 17). These lowlands are interrupted by the Urals, a chain 
of low mountains which extends into the polar ocean through Novaya 
Zemlya, and by the highlands of Greenland and the neighboring 
islands. Part of the Canadian arctic archipelago is composed of low- 
lying detached pieces of the North American coastal plain, underlain 
by horizontal stratified rocks; but the easternmost coasts which face 
Greenland, notably of Ellesmere and Baffin Islands and of Labrador, 
stand up as ice-scoured hills and low mountains still partly covered by 
glaciers. The ice-free coasts of Greenland arc similarly composet! of 
heavily glaciated uplands. Iceland and Svalbard are also mountainous 
and harbor small accumulations of ice. But none of tliesc existing 
glaciers is so extensive as the inland icc which masks the greater part 
of Greenland (Fig. 158). In the Southern Hemisphere the continent 
of Antarctica is covered by the world’s largest existing icecap. 

Landforms. In contrast to surfaces exposed to a tropical rainy cli¬ 
mate, which arc attacked dominantly by chemical decomposition and 
arc speedily covered by a thick mantle of fine-textured rcgolith, the 
surfaces in the polar regions arc attacked dominantly by physical dis¬ 
integration, the exposed rock being shattered and broken into angular 
fragments by frost action. Nowhere else, except on the summits of high 
mountains above the timber lines, is frost action so potent a force in 
fracturing the rock surfaces. The lower slopes of cliffs broken up in 
this wav are covered with accumulations of rock fragments, much as 
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In [he deserts, Plateau surfaces not covered with ice are mantled with 
angular blocks of rock loosened bjr frost action, forming a very rough 

surface known as a roc\ 
field. In the course of time 
such rock fields may be 
modified by continued frost 
action until a coarse, gravelly 
regolith is produced. 

Erosion is carried on by 
processes very different from 
those of the rainy lands. 
Even more than in the case 
of the dry lands running 
water is limited to the exotic 
rivers. River valleys exist, to 
be sure, along the courses of 
the north-flowing rivers of 
Canada and Siberia. Except 
for summer streams pouring 
from the front of melting 
glaciers, however, other 
streams in the polar regions 
are poorly developed. As a 
result the water from the 
melting snow and ice during 
the arctic summer forms ex¬ 
tensive ponds and marshes 
on the surface. 

Glacial erosion is at a 
maximum. Where the for¬ 
merly more extensive gla¬ 
ciers of the ice age passed 
through mountain valleys 
they produced typical glacial troughs. Near the coast, where the valleys 
were deepened below sea level by ice scour, the drowned glacial troughs 
are known as fiords. However, while the ice had the effect of smoothing 


Fig. 15S. jhfsming ihr eonfgiAr^- 

tiofs o/ the sMand ke {elei*a£ioiij In meietj).^ 
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{After De Quervain: courtesy of the Ceo^ 
graphical Ret^iew^ pubibhed by the Amcricatl 
Geographical Society of New York) 
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Fic. 159, Ahns of oat of the aorth-fiomng riven in British CtAumbiti 


the hills and deepening the valleys, it seems to have had little eifcct on 
highdcvcl plateaus; in fact, it seems to have preserved them from 
weathering. The high-level surfaces of Labrador arul Norway arc little 
touched by erosion; instead, they are mantled with rock fields appar- 
ently of postglacial origin. 

Along the coasts a feature common in the polar regions is the strand 
flat. This is a marine terrace bordered on the landward side by an 
abrupt sea cliff and extending scawar*.! in a fringe of rounded, polished 
islets known as sk^erries. In some places the strand Bat broadens out to 
ten or twelve miles in width; in other places it may be very narrow or 
entirely lacking. The flat-topped rock ledges and the partially sub¬ 
merged skerries are persistent elements of the arctic coastal landscapes 
of the hilly or mountainous sections. 

In addition to the landforms produced by glacial action, there arc 
also vast lowlands which were never Icc-covercd (Fig. 143). These are 
monotonously flat and poorly drained. 
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The OccHpance 

Man in the polar regions maintains his existence only by continuous 
effort. Along with the driest deserts, these regions are among the 
world's least favorable habitats; and along with the deserts, the polar 
lands have been the least penetrated by Occidental settlement. Two 
chief native cultures arc found in the high latitudes of the Northern 
Hemisphere, and the patterns of population distribution developed by 
these contrasted modes of occupancc are quite distinct. The Eskimos, 
chiefly of North America, arc the only people who have established 
themselves permanently in the arctic lands. Since their occupancc is 
based on the hunting of the seal they are nomadic or scminoimdic, and 
they never place their villages far from the seacoast. On the other hand, 
fhc Eurasian tribes, whose occupancc is based on the domesticated rein¬ 
deer, are pastoral nomads, living on the tundras only during the sum- 
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Fic. 161* The maximum dinnhutton af the Eil^imo culture, taith an indica- 
ti^n of the iamb from tuhieh the Efifimot have ttflthdrawn. (From Ludwig 
Mccking, Die Poiarlander, Leipzig, 1925) 


mers and seeking refuge in the forests during the winter months. Their 
summer villages arc placed back from the coast. Occidental contacts 
with these peoples have been largely through the activities of traders^ 
explorers, and missionaries, and have resulted only in a modification 
of the native way of living, not in the establishment of many permanent 
European or American settlements* 

The population of the polar regions is entirely limited to the North¬ 
ern Hemisphere. The great Antarctic Continent is surrounded by a 
stormy, icc-ftllcd ocean which has so effectively barred the access of man 
that until the airplane could be used for exploration large parts of its 
coast were unknown. 


OCCUPANCE BY THE ESKIMO CULTURE 

The Eskimos occupy the margins of the polar seas from the extreme 
northeast of Siberia across northern North America to eastern Green¬ 
land and Labrador. Their present distribution, and the whole territory 
over which the signs of Eskimo occupance have been found, are shown 
on the map (Fig. 161). Over these many miles of arctic coast there arc 
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probably not more chan 33,000 Eskimos, and of these probably 14,500 
live in Greenland,* 

The Eskimo culture represents an amazmg adaptation to the harsh 
conditions of arctic living, Agnciilture is entirely lacking, and very few 
of the products of the plant world are utilized In any way. The seal 
provides the basic supportj from this animal come clothing, food, im¬ 
plements, and even fuel. Only a very few small tribes of Eskimos live 
inland and depend on the migrations of the caribou. Hunting is a 
serious business; for, in spite of a high degree of skill and almost con¬ 
tinuous effort, game is not always plentiful and starv-ation is the conse¬ 
quence of failure. The best season of the year for seal-hunting is the 
winter, except for the darkest period in December. The surface of the 
polar sea is frozen, and travel long distances by dog sled is relatively 
easy. The Eskimos have learned that if the nearer hunting grounds 
are visited too frequently the game will be driven away; during the 
winter, therefore, they frequently travel for weeks at a time to distant 
places where seals arc reported to be plentiful. 

The seal, however, must be supplemented with other game. Nu¬ 
merous sea animals arc hunted during the summer with the aid of the 
kayak, or skin boat. At this season also the large land animals, es¬ 
pecially the caribou and the musk on, are sought; for although their 
meat is less satisfactory than that of the seal or the walrus, owing to 
the small amount of fat it contains, nevertheless It provides a pleasant 
variety and a much needed supplementary supply to be "cached” as a 
provision against later want. Birds and birds’ eggs are also much prized 
as offering a change in the steady diet of seal Yet throughout the year 
the Eskimos eat little else but meat: meat eaten ctioked but more often 
raw, or frozen, or rotten; meat served without salt. 

Eskimo Settlements. The nomadic or seminomadic ty^ie of life is 
essential in such a culture. Migrations of the game are closely followeil 
by migrations of people. Only where water and ice conditions are 
especially favorable for the seal—so favorable that a dependable supply 
is certain year after year—can the Eskimos become in any way seden 
tary. Even the land animals have been the cause of migrations. At 
’8. N. Rudmosc-BrEMvn, op. dt p, 145, 
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Fig. 162. Esl^imot in thtir i^ayat^s along the coast of Labratltfr 

the present time the absence of both sea and lantl game from the outer- 
most islands of the Canadian arctic archipelago is reHected in dte 
absence of Eskimos in this region. 

Yet the Eskimos are not without attachment to certain sites. During 
the vrintcr they gather together in villages near the W'ater known to 
be frequenteti by seals.' The immediate locations of these villages de- 

‘See the dewripttcin of the life of the "Pobr Eskimo.*' the noihernmost of the worlds 
human inhahlunu, who ociiup)' the peninsula of Tliulc In svcsicrn Greenland north of 
Ltitude 76® N., in W. Elmer Efchtaw, "The Material Response of (he Polar Eskimo to 
Tliiir Far Arciie Environment,” Worrf/j of the .-fwoc/Virfon of American Geogfa^hcfty 
Vol. 17 (1927), pp. H7-I9S, and Vol. IS (1928). pp. 1-24. 
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pend on such features as ease of approach over the sea ice, protection 
from high winds, supplies of drinking water (usually from stranded 
icebergs), and other local factors. In all the centuries during which the 
Eskimos have occupied the shores of the polar seas, they have returned 
to these same places again and again. The stone houses used during 
the winter were first built before the memory of the oldest inhabitants; 
they have been repeatedly abaniloncd and reoccupied. The movemetiis 
of these people, therefore, are between points more or less definitely fixed. 

During the summer the Eskimo becomes more completely nomadic. 
With his skin tent he travels along the coast m visit the summer sealing 
grounds or the cliffs on which great numbers of birds breed. Small 
groups, too, travel inland to hunt the caribou and the musk ox, so tliai 
at this season the distribution of people is less rigidly attached to the 
coast or to any particular sites. 

Contacts with the OcddeniaJs. Contacts with Europeans and Amer¬ 
icans have not been fortunate for the Eskimos. In a region where such 
a delicate balance has been established between the occupance and the 
resources, the introduction of different ways of living, and especially of 
iliffercnt weapons, could not fail to make necessary some fundamental 
readjustments. For e.\amp!e, the rifle made the pursuit of game much 
simpler and more certain. But, far from bcncflttng the Eskimo, this 
weapon has only resulted in such a rapid elimination of the game that 
the occupance of great stretches of the arctic coast has become impos¬ 
sible. The Eskimos have been forced to gather together m settlements 
near the white man’s trading posts or mission stations. Lacking a prof¬ 
itable product, their lot is indeed miserable, and their misery is increased 
by sickness, for the white man's diseases arc even more deadly than his 
weapons. The Eskimos, living in a land relatively free from the bac¬ 
teria of the mid-latitude and tropical maladies, have built no immunitv 
to them. Epidemics of smallpox, influenza, and other diseases have 
startlingly reduced the Eskimo population. 

This destruction of native cultures by the most remote contacts with 
Western people* is a phenomenon which has been described in these 
pages from examples in many different parts of the world. Where the 
natives could find resources to tempt the white man’s markets, such as 
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Fuj. 163. Nftiec lad du/ellingi north of the sretir dreir in Canada 

ivory or ebony from the tropical forests, or rlatcs from the desert oases, 
or furs from the taiga, they could adjust their ways of living to the 
demands of the Occidental trading posts. But the Eskimos have little 
to offer.' Recently an attempt has been made to introduce reindeer 
among the Alaskan Eskimos and to send the meat to the Occidental 
urban markets, Except for some such complete transformation of the 
Eskimo way of living, these interesting people, once so nicely adjusted 
to the region, seem doomed to perish. 

OCCUPANCE BV THE EURASIAN CULTURES 

Probably the whole Eurasian tundra does not support more than 
thirty thousand people, and during the winter the population is much 
less than this. The various peoples of the taiga, chiefiy the Samoyeds 

^T!ie &eal which is Cwnd in the rcj^kmi iniwipired hy the Eskimos M the "hair sdl," 
which k of limilcd ctsinmefcial value. The "fur seal'^ {CnIlar^inMi dtiUcartHs} a pelagic 
inirnal, coming to proteeted islands 0^131' €o hmd. At tire proent time the largest herd of 
fuT tcali breeds on the Pribiksf kbnik, olf Abda. 
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and the Chukchi, who have domesticated the reindeer, migrate norths 
ward with these animals during the summer, much as the wild herds 
of reindeer used to migrate and as the caribou of North America still 
migrate. These nomadic peoples have no permanent villages, cither in 
summer or in winter, but move their herds from place to place to take 
advantage of the slow-growing pasturage. When the snow begins to 
%»tficy move into the taiga and abandon their skirt tents in favor of 
pits dug in the ground. These Siberian tribes arc therefore only partly 
dependent on the polar habitat. Their diet of meat is supplemented 
by fish from the rivers and by berries, roots, and nuts from the forest. 
Furthermore, the possession of tlomcsdc animals frees them from the 
fortunes of the chase. They are not so close to the margin of existence 
as are the Eskimos, nor are they so harmoniously adjusted to the 
conditions of arctic living. 

Contacts with the European traders have been as detrimental to 
most of these peoples as in the ease of the Eskimos. Among all the 
Siberian forest and tundra tribes, only the Yakuts are increasing in 
number. Apparently none of these cultures can survive except in greatly 
modified form—perhaps organized for the production of a meat sur¬ 
plus from the reindeer herds b exchange for which the while man s 
industrial and agricultural products can be purchased. 


OCCIDENTAL OCCUPANGE 

There is little to record concerning the occupance of the polar regions 
by Europeans and Americans. While these regions have attracted par¬ 
ties of explorers since classical antiquity, little permanent settlement by 
white men has ever taken place, The trading posts, which are the only 
permanently inhabited spots along the Eurasian arctic littoral, arc en¬ 
gaged in the handling of the products of the taiga (chiefly furs) and 
are located at the mouths of the north-flowing rivers. A number of 
similar posts in North America have been established within the polar 
lands, but they are not supported by polar products. 

Whaling and mining have also attracted Occidentals to these regions 
and have led to the establishment of settlements. The whaling indmtry 
so important before the days of mineral oil, shifted from the vicinity of 
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Fic. 164> Nmiecs cutting up a ufhife tvhuie fw food far tAeir dags 


SvalbarJ to the more remote parts of the world the whales were 
killed in increasing numbers. Modern mechanical equipment threatens 
the final exhaustion of this resource. Until recently the whaling indus¬ 
try required land bases for the extraction of the oil, and such bases were 
established w'hcre protected harbors provided shelter for the whaling 
fleet. A number of these stations were located in the arctic, as at Hcr- 
schcl Island off die mouth of the Mackenzie River, and in the antarctic, 
as at Stanley, on the Falkland Islands, With the invention of the 
modern whaling ships, which arc, in reality, floating packing plants 
where the carcasses are turneti into a variety of products, the land sta¬ 
tions have declined in importance. 

Mining too hos supported more or less permanent setilrmcnt in a 
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few localities m the north. The coal mines of Svalbanl are perhaps the 
most importantj although gold in Alaska continues to provide a some” 
what unsteady basis for such communities as Nome. 

The immediate future gives promise of considerable development 
of air travel. The air routes betv.'ccn North America and Europe cross 
parts of the polar regions, especially Greenland and Iceland. The air 
routes between North America and east Asia cross Alaska. Permanenr 
fueling stations with small colonies of attendants have added another 
form of Occidental settlement within these regions. 

Conclusion 

The Occidental peoples have not yet found a resource hy which 
permanent polar settlement can "pay its way." Hitherto occupancc 
has been based on resources of other regions seeking an outlet through 
the arctic, or on temporary cstractive industries, such as whaling and 
mming. Agriculture being physically impossible, permanent settlement 
would have to rest on pastoral activities, probably those associated with 
the reindeer. But the permanence of the arctic pastures under heavy 
grazing has yet to be demonstrated. The native cultures, so intimately 
adapted to the region, have been disorganized by the introduction of 
Occidental tools and foods, and arc threatened with annihilation. On 
the whole the landscapes of the polar lands have been modified by 
human occupancc to a lesser degree than those of any other group. 
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Most people chink they know what a tnountain is. Yet when we 
compare such relatively small and inconspicuous features as the Turtle 
Mountains of North Dakota with such imposing heights as the Berk¬ 
shire Hills of Massachusetts, wc find that we cannot depend on popular 
impression and terminology for our definition of mountains. The dic¬ 
tionary says that a mountain must rise to sufficient elevation and with 
sufficient abruptness to stand out conspicuously from its surroundings; 
also that it must have a relatively small summit area, as opposed to a 
plateau, which has a large summit area. This definition admits of 
considerable range of interpretation, for the feature which would stand 
out conspicuously on the plains of North Dakota would remain quite 
incidental in a hilly land such as New England. Nor is elevation above 
sea level a safe guide to the definition; for there arc many examples of 
mountainous surfaces at low elevations, and many plains which rise 
gradually to high elevations. As a matter of fact, any definition must 
be arbitrary because no sharp distinction exists in nature between high 
hills and low mountains. There is a complete series of steps from almost 
featureless plains to plains with many steep slopes but of slight relief, 
to low hills, to high hills, to low mountains, and finally to the highest 
mountains. Only in certain places do mountain fronts stand impos¬ 
ingly above extensive plains. For the purposes of clarification in this 
book wc have adopted as a working definition of "conspicuous” the 
concept that the elevation must be sufficient to bring about a vertical 
dlfieremiation of the vegetation cover. Wc shall explain this definition 
and its limitations more fully as wc proceed. 

The mountain lands differ from the other seven landscape groups 
in several important ways. In the first place, the chief criterion for the 
recognition of mountain areas is the surface configuration, whereas 
the other groups are recognized primarily by the various kinds of 
vegetation. The characteristic features of mountain landscapes are 
associated whh rugged ness of terrain. According to the definition we 
have adopted for mountains, vertical differentiation of vegetation types 
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is an essential cliaractenstic. The occnpance also is commonly arrangtil 
in layers. In other words, the major landscape differences arc found in 
Group VI11 by ascending or descending the slopes; not, as in the other 
group, by traveling horizontally north, south, cast, or west. Another 
characteristic of mountain geography is the intricacy of the patterns of 
distribution as comparccl with the relative simplicity of the patterns 
developed on more level lands. To follow the winding course of an 
isarithm, for example, through the valleys and around tlic ridges of a 
mountain region requires a much largcr-scale map than is necessary in 
order to observe the same degree of accuracy in plotting the relatively 
simple course of the isarithm on a level surface. Unlike the monoto¬ 
nously similar landscaps over large areas on die plains, the mountain 
landscapes arc spotty; they are arranged in a mosaic of small units, 
each contrasted sharply with the surroundings, resembling the patterns 
on a crazy quilt. Still another characteristic of mountain lands is the 
difficulty of moving over their rugged surfaces or steep slopes. As a 
result these regions are isolated and offer places of refuge for the sur¬ 
vival of relict flora or fauna or even cultures; they are areas of survival 
of ancient ideas and modes of life, not areas where new ideas originate. 
As a further result of the difficulty of movement over them, mountains 
play the role of barriers to the spread over the earth of plants, animals, 
and man. Mountains cover U per cent of the earth’s land area, and of the 
world’s populadon about 12 per cent occupies the regions of this group. 

Distribution of Mountains. Mountains arc major lineaments of the 
face of the earth, and their distribution controls even the shape of the 
several continents. The essential features of mountain distribution have 
already been described (Fig. 1). From the central knot m south¬ 
eastern Asia the world’s high mountains extend in three dirccrions: 
southeastward through the East Indies to New Zealand; northeastward 
and around the northern and eastern margins of the Pacific Ocean to 
the southern end of South America; and westward through southern 
Asia, southern Europe, and northern Africa to the Atlantic, Only a 
few more or less isolated mountain areas exist which arc not attached 
to this basic system (Plates 9-19). We may now turn to an examina- 
don of the characterisdes of these regions. 
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The Land 

SURFACE FEATURES 

Of fundamental importance in producing the intricacy of the dis* 
tribution patterns in mountain regions are the surface features. Moun- 
tain surfaces arc of the greatest variety not only in their toptjgraphic 
details but also in their broader aspects. Nevertheless, in spite of this 
variety, certain characteristic designs arc repeated in almost all rJic 
worlds high-mountain regions. For example. iJierc is a tendency for 
the ranges to take on ati arcuate, or festoon, arrangement. Commonly, 
also, the mountain arcs are backed on their concave sides by more or 
less e,Ytensive tectonic basins; and oif the middle of the convex sides 
there are usually rift depressions, in many cases ocean "deeps."* VVitli 
few exceptions, too, the distribution of volcanoes coincides with that of 
the ranges of high mountains (Fig, 165)/ 

These general patterns, characteristic of all mountain regions, arc the 
result of certain basic similarities of geologic origin. By pressures and 
strains developed in the earth’s crust, die rocks arc crushed, folded, 
wrinkled, broken, and pushed up along certain zones of crustal weak¬ 
ness. These zones of weakness form the three-line figure described 
above. The various kinds of structures, or tectonic forms, developed in 
these zones are described briefly in Appendix C, and are made the 
subject of more intensive study in courses in geology. 

As soon as rock structures are lifted above the sea they are exposed 
to the various processes of dcitruciion or denudation {see Appendix C), 
Exposure to the weather results in the breaking of the surface of tile 
rock into fragments, so that eventually a mantle of loose rock debris i.s 
formed which we have previously described as a rcgolith and on the 
surface of which soils form. Rain falling on the sloping surfaces of 

^These icctoflic features have their geold^cil ntplanadpns. See, for Rtample, 

W. H, HoblMi.Earr^ Ef/tituiian anti Jti Faccai Exprestian (N'qiv Yort, 1931). pp. 135-1511. 

=Ocfan deeps in Fi({. 165 bated on Sir John Muiry {and t)r. lohan Hpr!). The S^epthi 
oj th< O^eati (J^ndon, 1913), map JI. Volcanic arcii based tm Joseph P. Iddingi, T^e 
ProHcm af Vt^canirnt (New Haven, 1914), niapi Earthquake regicjns based on F. de 
Montessus de Eallate, Ln Tremhiements df /ew: g^ogfupAie ffixmologi^ut (Paris, ]()06), 
maps 1 and 11. 
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Fig. 165. Areas oj volcamt aetii/ityf occaa and carfAiftnt^e regions of the taoAd 









































THE MOLTNTT^IN LANDS 


upraised areas nans off over the surface and forms rills, gullies, valleys, 
and canyons; furtlicrmorc, as the rivers continue over long periods of 
time to carve the upraised surfaces, the valleys pass through a sequence 
of stages to which William Morris Davts gave the descriptive terms; 
youthful, mature, and old. The youthful valleys arc V-shaped, and the 
rivers which pass through them arc torrential, When the valley bot¬ 
toms have been cut down almost to the level of the body of W'atcr into 
which the stream flows they caimot be lowered any more, and the 
stream expends its energy in widening the valleys; the valleys widi 
flat bottoms but steep sides arc said to be mature, a stage in which there 
is the maximum anmunt of relief. After very long jicriods of time the 
intervening heights between the valleys, the interfluves, are also worn 
down, and the rivers meander freely across wide Aooiiplains; this is 
the stage of oki age (see Fig. 228 in Appentiix C). The most important 
process of denudation which produces the I and forms in upraised por¬ 
tion of the earth is that of running water. 

There are many other processes, however, which produce strongly 
marked surface features in places where they have l>«n in operation, 
(ilaciers form on high mountains wherever the snow'fall of winter is 
so deep that it docs not all melt off during the summer. They arc 
therefore most common in climates which have heavy precipitation 
and cool summers. The climates of higher midtile latitutles on the 
continental west coasts All this description most fully, and in these 
regions glacial landforms arc most conspicuous; but ev'cn on the 
equator, if one climbs high enough, one Jinds the mountain tops per¬ 
manently covered with snow. The various landforms produced in 
mountain areas as a result of glaciation are shown in a scries of block 
diagrams in Appendix C (Fig. 23d). Since the ice was everywhere 
more extensive in the ice Age, these various forms are to be observ'cd 
where glaciers no longer exist. The places where mountains or moun¬ 
tainous escarpments border the sea, and where the ice-dccpencd valleys 
arc drowned, arc today clearly visible, even on small-scale maps, as 
horded coasts. The map of a part of the coast of South Chile (Fig. Ifi6) 
illustrates this feature. Similar coasts are to be observed in British 
Columbia and South Alaska, in Norway, in Labrador, and in New 
Zealand. Glacial landforms in the interior are similar to those near 
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I I MoiinUlnj Near inxap ujid vnltey fi:lacier3 

Fie, 16fi, A ntiir iireap in tAc iouiAtfra Andes witA detail oj the fiorJed coast oj 
Soitth Chile. (From tlie Map of Hupanic^ America, published by the American 
CeDgraphical Sociciy of New York) 

ihc coast except that more of the valley bottoms and sides arc visible. 
Long, narrow marginal lakes, however, arc commonly found along 
the edges of glaciated mountains, such as those of the Italian piedmont, 
or the eastern front of the Rocky Mountains in Montana (Glacier Na¬ 
tional Park). Some of the world’s most spectacular mountain scenery is 
to be found where glaciers have had a chance to sculpture the surface. 
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Fig. 167 . LanAforms prodiwA hy taadilidfs' 


Of the other processes of denudation which work on iht sloping 
land of mountainous areas we need only n^ention the work of gravity 
which prcxluces rock slides and avalanches. In mountain regions where 
steep valley slopes arc subjected to soaking and drying witJi the passing 
season Sj avalanches are com men j and the scars of ancient slides arc to 
be observed in many places. The characteristic landforms produced by 
recent and older slides arc suggested in the accompanying drawing 
(Fig, 167). 

All these many kinds of lanJforms are infinitely varied by the 
underlying rock structures. In some mountain areas the structures arc 
produced by simple folding (as in the ease of the Jura Mountains, 
shown in the upper cross section of Figure I®)* Most high mountain 
regions, how^ever* are more complex than this. The Alps, for example, 
arc tightly folded and faulted (as showm in the low^r cross section of 
Figure 16S). Other mountain regions are formed by block faulting^ in 
which large masses or blocks of the earth s crust are broken and lifted 
or dropped in relation to bordering blocks. Rocks^ therefore, are broken 
and contorted into very complex structurcSt and in many places these 
structures are masked by a covering of volcanic material—old lava 
flow's or deep accumulations of ash. Each kind of rock formation dif¬ 
fers in its resistance to the forces of denudation. Some rocks are 
w'cak and easily eroded; others arc resistant. As the processes of denu¬ 
dation work on the underlying structures the w'ork goes forward 
rapidly on weak rocks^ whereas resistant rocks stand out boldly as cliffs 

'Reproduced froni a drawing in W. M. DivUj "'Tbe Laka of CdlifivaiiL.^ CAEliforma 
fatirrsal of aitd Vol. 29 (195.1), pp. fr5'23tiL 
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Fic. 168. (a) Crw of fAr fur& Mouniam^; (b) cro^i ^ccrtiOn of shr Aipi' 


or Still uncrodcd litig Ills. The result is the extraordinary complcxiry 
of moimtam terrain* 

In many of the mountain regions of the worlds areas which arc 
nearly flac or gently sloping occur in ihc midst of steeper and higher 
surfaces. These arc intermont basins, wrhich are disdiiguishetJ on the 
plates (Plates 9-19) by solid black. The accompanying block dia¬ 
gram suggests tw^o ways in which intermont basins can form (Fig. 
169): on tlie left where a downfoJJ of the rock structures forms a basin i 
on the right w'hcrc a depression between two mountain blocks is partly 
filled with alluvial material washed down from the higher slopes* 
Intermont basins are formed upstream from places where the rivers 
pass through resistant rock formations and where^ as a consequence, 
[he [Jownward cutting of the valley is retarded. They are formed 
where volcanoes block earlier river-cut valleys w^lth flows of lava or 
falls of ash. In these ami many other w^ays inrermont basins are formed, 
some of large extent, others too small to show on ihe maps. 

It IS important to notice that the major ranges of mountains in the 
w'orld in most places do not form the tlivldes between river basins. A 
close examination of the maps will reveal example after example of 
rivers which rise outside of mountain areas and pass through the moun¬ 
tains in gorges. An outstanding example is the Dai^ube, where it 
passes through the Iron Gate on the border of Romania and Yugoslavia. 
The Yangtze and the Columbia arc two other examples among the 

^Genffitized from A. Heim, Gfolcgit Jrr (Ldpztg^ VoL t, 

Table 13; Vol Tt, Table IS. 
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Fici. IM*. iiiiignim Hiaiirming charuarmtk intermont haiint 


many wliich might be ineittioncd. Such rivers arc said to he antecedent 
because they were established in their courses before the mountains rose 
across them, and as the mountains were slowly lifted up they were able 
to continue their down waril cutting. The Amazon is an example of a 
river which was unable to maintain its course because the Andes rose 
so fast; as a result it turned and found a way our to the Atlantic, but 
its valley is still widest along the eastern front of the Andes and gets 
narrower dow'nstream. 

CLIMATE AND VEGETATION 

Climatic distribution in mountain areas is also extremely compli- 
catech Although most of the major types of climate found in other 
parts of the world occur b mountain regions, the significance of these 
types in Group VIll is largely obscurcti by the many important local 
variations. Nowhere else are "local climates” developed in such large 
numbers, and nowhere else do they exert such a critical effect on the 
character of the landscape. Yet this seeming confusion of climatic dis¬ 
tribution can be understood through the interplay of two of the prin¬ 
ciples of mountain geography: the principle of vertical differentiation, 
based on the effects of change in altitude; and the principle of spotty 
distribution, based on the effects of different exposures to sunlight and 
of differences in rainfall. 

Vertical Differentiation. The most important climatic element lead¬ 
ing to die vertical differentiation of lamlscapcs in mountain areas is 
temperature. Generally speaking, lower temperatures may be found 
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Fic. I/O* Vertical arrarigement of the a^rage tioniiai isothermic (After Clayton 

and Ramanathan) 


either by traveling along the surface of the earth toward the poles or 
by ascending vertically alwvc the earth. However, one would have lo 
travel many miles along the surface to find as great a contrast of tem¬ 
perature as is concentrated in only a few miles of vertical distance 
(Fig. 170). The isotherms which reach sea level in high or middle 
latitudes rise steeply toward the margins of the low latiiuiles, gaining 
their greatest altitude between 20’ and 30% especially over the hot 
deserts. Although sagging somewhat over the equator, they remain 
high between the tropics. So it is that mountains on the equator rising 
to fifteen thousand feet can reach all the average temperatures which 
arc spread over die thousands of miles of horiaoiual distance between 
the equatorial and polar regions. 

We must not suppose, however, that because a place at a consider¬ 
able elevation in the low latitudes has the same average temperature as 
a place at sea level in middle or high latitudes, it also has the same 
climate. At high altitudes on tropical mountains none of the climates 
of middle and high latitudes are found. There are none of the cyclonic 
storms or associated weather changes which are essential characteristics 
of the middle latitudes. Furthermore, with increase of altitude, there is 
a decrease of the range of temperature between summer and winter; 
and in the low latitudes, where ranges of temperature are small even at 
sea level, this eJfca is most noticeable. The average monthly tempera¬ 
tures at Quito illustrate this condition f Appendix E). Quito is located 
nearly on the equator in the Andes of Ecuador at an elevation of 
9350 feet. Its average annual temperature is 54 j 6% but its range bc- 
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twten the average of the coldest and 
warmest months is no tnore than 03‘. 
In middle-latitude and higK-latitudc 
mountains, on the other hand,^ the 
ranges of temperature are not so low 
as in the tropics, and seasonal change 
is an important feature. 

Snow Lines and Tree Lines. As a 
result of these vertical distributions of 
temperature, almost all the landscape 
features which are alTected by tempera¬ 
ture not only have horizontal limits 
bounding their areas of distribution 
but also vertical limits. One very im¬ 
portant altitude limit is the snow line, 
the boundary of the area covered by 
permanent snow or ice. Horizontally, 
the areas of permanent snow and ice 
arc restricted to the pK>lar regions; but 
the vertical limits ore reached by the 
higher mountain summits even on the 
ctfuator. As in the cose of all altitude 
limits which are governed in whole or 
in part by temperature, the snow line 
Corresponds in pattern to the vertical 
arrangement of the isotherms (Fig. 
170). It rises to its greatest elevation 
near the margins of the low latitudes 
and declines to its lowest elevation in 
the high latitudes. Near the cs^uator 
it is necessary to climb about 13,000 feet 
to reach the snow line—a little higher 
than this on Mount Cbimborazo near 
Quito, and a little tower on Mount 
Ruwenzori in Uganda. Southward 



Fio. 171. DiagrammMk cron teclion fhrong/i the mountfiinf of North and Sonth America, thoitung vertical zanes of vege- 

latiati, (Modified from ). Paul Cioode) 








A GEtXSRAPHY OF MAN 



VJi- The VspaUtJta Past hetween Chile and Argentiaa 


along the Andes the snow line rises to about 16,000 feet near Lima and 
to more than 20,000 feet at the tropic of Capricorn in northern Chile. 
South of this, however, it drops rapidly. In Middle Chile it is bctw'ccn 
11,000 and 14,000 feet. In Tierra del Fuego it lies a little below 2500 
feet. The snow line, how'cver, is obedient not only to temperature but 
also to snow'fall and other things. At any given latitude it lies some¬ 
what lower on the wetter sides of the mountains and somewhat hinher 
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on the drier sides, ;ind it descends farther on shady slopes and remains 
liighcr up on sunny slopes.’ 

The altitude limits of the various types of vegetation also correspond 
to the pattern of vertical temperature distribution. Roughly, the same 
succession of types is found in ascending mountams near the etjuator 
as is found on proceeding poleward along the continental east coasts. 
The tropical forests occupy the lower slopes; higher up are the mixed 
forests of hroadleaf types; and beyond the upper limit of trees but below 
the snow line is a zone of alpine meadows not unlike the tundra of the 
polar margins. Conifers do not appear at higher altitudes south of 
Nicaragua. Since tree lines are generally higher in rainy mountains anil 
low'cr in dry mountains, wliercas snow' lines vary in just the opposite 
W'ay, it follows that the zone of alpine meadows is widest in dry regions 
and narrow'cst where the rainfall is heavy (Fig. 173). 

As far as vegetation and other forms of life arc concerned, tJie ver¬ 
tical differentiation reaches a maximum in the low latitudes. Here w'e 
find the greatest variety of zones. Vertical differentiation remains a 
conspicuous feature of mountains in the middle latitudes, but it dis¬ 
appears altogether in the liigh latitudes. The criteria suggested in the 
introduction to this chapter for the recognition of "conspicuousness" 
in mountains can be used, therefore, only in the middle and low' lati¬ 
tudes, not in the polar zones (Fig. 171). 

Other Climatic Elements. Certain of the other elements of climate 
act to reinforce the effects of temperature in producing a vertical tliffcr- 
entiation. Rainfall, for instance, develops something of a vertical zon¬ 
ing. Up to six thousand or seven thousand feet in the middle latitudes, 
and somewhat higher in the low latitudes, the rainfall on mountain 
slopes increases; but above this zone of maximum fall the amounts 
diminish. At higher altitudes the specific humidity of the air becomes 
very low. Unbroken ranges of high mountains are very effective bar¬ 
riers to the passage of moisture. 

Pressure is another climatic element which decreases with increasing 
altitude. Its results, however, arc of less significance than those of 

W* ^'Thc lutcrvil between Trce and Pasture Lines and die PcHidcin of 

Their Estrciiiesr VoL 24 (1354)^ pp. 444-^52,. 
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Fic. 173. ToftetgruphK deiait on \ji, St. Heteni^ WiuJUrtgtoa. (From Mt. Si, 
Heleni Qimdraogjcj Washiogton, Uniictl Siitcs Gcoli>gk:a[ Survey) 


temperature anti rainfall. At elevations above twelve thousand or fif' 
teen thousand feet many human beings are affected by altitude sick¬ 
ness, and at very high altitudes the difficulty of breathing forms a 
distinct limit to occupance. Decreased pressure also lowers the boiling 
point of water so that the cooking of foods by boiling takes much 
longer, or may become altogether impossible without pressure cookers. 
When Marco Polo observed this phenomenon in bis journey across high 
Tibet, be explained it as the result of the low temperatures. "Even the 
fire," he wrote, "is not hot enough to cook foods." 
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Fig. J74. Looking narf/iea^i up Lotschental m Switzerland 
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J'lG. 175, Htturf of iuntigkt in the vatiey of Barnionnette, (By A, Lrvainvilk; 
courtesy of the Ceographicai Rett'iew, published by the American Gcojjraphicat 

Society of New York) 


Spotty Distribution Patterns, The vertical differentiation of moun¬ 
tain landscapes, resulting from the variation of these several factors 
vi'ith altitude, is greatly modified by the irregularity of the terrain. 
Steep slopes oriented at various angles to the sun's rays; narrow valleys 
with winding courses; tnountain-rimmed bits of Hanish valley floor or 
delta plain: all these features combine to atld complexity to the other¬ 
wise simple airangcnient of things in vertical zones. 

Local contrast in exposure to sunlight is one of the important causes 
of spotty landscape patterns. Slopes which face toward the sun not only 
absorb much more heat than those which receive the sun's rays more 
obliquely, but they also enjoy many more hours of sunshine. In the 
Northern Hemisphere the north sides of cast and west valleys, such as 
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ihc upper Rhone Valley In Swiwerlandt are much warmer than the 
south sides at the same alriiutlc, and these temperature differences are 
reflected in striding landscape contrasts—contrasts in natural Vegeta^ 
tion, in occupance, and even in landforms (Fig. 174). So great arc 
these differences that the two sides have been distinguished by the 
names adret, meaning "sunny side," and ukac, meaning "shady side.”* 

The adret and the ubac are generally not arranged symmetrically 
on tlie two sides of ilic valley, however; for where tow'ering peaks cast 
shadow's over the neighboring terrain the patterns of light and shade 
are amazingly intricate, A map of the average daily hours of sunlight 
in the valley of Barcclonnette, in the French Alps, suggests at least one 
reason for the characteristic spottincss of mountain landscapes (Fig. 
175). The resulting temperature contrasts from place to place may be 
sufficient in any locality to wipe out quite completely the general de¬ 
crease of temperature with increase of altitude, and so to obscure the 
vertical 2oning. 

Another climatic clement which contributes to the intricacy of 
mountain patterns is rainfall. While it is true that rainfall exhibits a 
certain vertical arrangement,—increasing, as wc have pointed out, up 
to a zone of maximum, and decreasing beyond that,—still in most 
mountain areas this feature is only vaguely developed. Vertical zoning 
of rainfall is most apparent on mountain sides which present a rela¬ 
tively unbroken wall to the air currents, as the eastern slopes of die 
Andes, tJie southern slopes of the Himalayas, and the western slopes of 
the Sierra Nevada of California, In most mountain areas tlic great con¬ 
trasts in the amount of rain received, even on neighboring slopes wrhich 
are oriented somewhat differently to the rain-bearing w'inds, make it 
difficult or impossible to observe any general increase or decrease with 
altitude (Fig, 176). As wc have seen, the w'orld's heaviest rainfalls 
occur on the windward slopes of mountains up which w'arm, moist air 

I'Ttif nuncr of sunlighi is so dominant that rarli diiit«t of European mnuiiKim 
pKopIcs has a of Icrmi for sunny side and sliady side. Thus thr German, 

SonneulvTgtSchattrrtlvTgi French ,intm (Ijitin, aJ (Latin, 

uJ opaeum'i; crulrait^ Italian, jiidrffro. intrrio-, aitn'tia, ofuicai Catalan, Afgj; 
iolaita, iiimfh-, iMiIa, Htntmgt!. One may so name a village or a shady portion of a viJfagc, 
as Envers de Fnntcnillc or Itivcrm Plnusea.” Quoted from R. Peattic, "Height limits of 
.Mountain Economies," Cfographic^ RefirWt Vol. 2t (1931), pp, 415-128, 


399 



A GEOGRAPHY OF MAN 



in centfjnetEn 
r: - Z ■ -] UnrfEr 100 

im W 200 cm. 

I '•'■ [ ^ Ed 300 
tD ‘iOO 

I^HOvcr 400 


tfll c d/ 






;Htkf fli 




^jf dj^i'g C 


Fid, 17^, Rmnfali of Sti^iiscrland-, (Aficr )* Maurer and J. Lugcoa^ 1918) 


15 rising buoyanily (Kauai and Cherrapunji), Where the mountains 
arc higli) the windward slopes are generally much wetter than tire lee 
slopesj which lie in a raJft shcidotVy but where the mountains are lower, 
the clouds which form over them may drift to leeward and bring more 
rain to tliat side. Basins and deep valleys into which the wind must 
descend are usually dry; but, on the other liaml, where the wind blows 
up through a valley, it may bring copious rainfall The actual rainfall 
distribution In a rugged mountain rc^on composed of slopes standing 
at various angles to the winds forms a pattern which is even more 
intricate than that of the hours of sunlight. Furthermore, these two 
patterns in no way correspond; so that the landscape features, which 
are in part conditioned by sunlight and in part by rainfall, find in 
mountain regions the most extraordinary number and diversity of 
combinations of these elements. If to these things is added the variety 
of edaphic conditions, we can appreciate the basic reasons for the 
spotliness of mountain landscapes. 
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The Occupance 

Mountains resemble the deserts in the persistent effea they exert on 
the distribution of the human occupance. In most parts of the world 
the character of the occupance patterns is largely determined by the 
culture which produces them, and a succession of cultures in any one 
area may result in a series of occupance patterns which are radically 
diJfcrent one from another- In the mountain lands, on the contrary, 
the location of settlements and the routes of travel established by dif¬ 
ferent cultures are as closely fixed by the rugged terrain as they are in 
the dry lands by water. Only in topographic detail can they vary. The 
general characteristics of mountain distribution patterns may be illus¬ 
trated not only from the physical elements but also from clcmeitts 
of the occupance. Vertical diffcrentialioji appears in many forms; 
spotty arrangement reflects the diversity of habitat background; and 
the barrier nature of mountains leads to the convergence of routes on, 
the passes and to the historical persistence of these routes. 

VERTIC.AL DIFFERENTIATION 

The vertical differentiation of occupance is developed in almost 
all die mountain regions which have gone beyond the pioneer stage. 
Even early in the progress of settlement, when the main routes of 
travel arc of chief importance in guiding the arrangement of popula¬ 
tion, a vague altitude zoning is usually apparent; but as settlement is 
elaborated, vertical zones, diHcring from one another in the modes and 
forms of occupance, become more and more sharply dilfercntiatcd. 
While this stratification is an almost universal feature of mountain re¬ 
gions, the actual modes of occupance at the various levels differ from 
place to place. In the low latitudes, for instance, the occupance has a 
tendency to become static, with little movement from one altitude to 
another; but in the middle latitudes in most mountain regions a regular 
seasonal migration up and down the slopes is developed. Throughout 
the world the differing cultures of the mountain dwellers find expres¬ 
sion in the many and various methods in which the resources of the 
several altitude zones are utilized, tn other words, while some form of 

401 


A GEOCiRAPHV OF MAN 



Fig. 176-. Rainfall of Stvitzertand* (After ][. Miiurer and f. Lugoan, 1928) 


is rwing buoyantly (Katiai and Chcrrapunji). Where the mountains 
are high, the windward slopes are generally much wetter tlian the lee 
slopes, W’hich lie in a rain shadow^ but where the mountains arc lower, 
the clouds which form over them may drift to leeward and bring more 
rain to that side. Basins and deep valleys into which the wind must 
descend arc usually dry; but, on the other hand, where the wind blows 
up through a valley, it may bring copious rainfall. The actual rainfall 
distribution in a rugged mountain region composed of slopes standing 
at various angles to the winds forms a pattern which is even more 
intricate than that of the hours of sunlight. Furthermore, these two 
patterns in no way correspond; so that the landscape features, which 
are in part conditioned by sunlight and in part by rainfall, find in 
mountain regions the most extraordinary number and diversity of 
combinations of these elements. If to these things is added the variety 
of edaphic conditions, we can appreciate the basic reasons for the 
spottincss of mountain landscapes. 
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The Occupance 

Mountains resemble the deserts in the persistent effect they exert on 
the distribution erf the human occupance. In most parts of the world 
the character of the occupance patterns is largely determined by the 
culture which produces them, and a succession of cultures in any one 
area may result in a series of occupance patterns which are radically 
different one from another. In the mountain lands, on the contrary, 
the location of seiilcmcnts and the routes of travel established by dif¬ 
ferent cultures are as closely fixed by the rugged terrain as they arc in 
the dry lands by water. Only in topographic detail can they vary. The 
general characteristics of mountain distribution patterns may be illus¬ 
trated not only from the physical elements but also from elements 
of the occupance. Vertical differentiation appears in many forms; 
spotty arrangement reflects the diversity of habitat background; anti 
the barrier nature of mountains leads to the convergence of routes on 
die passes and to the historical persistence of these routes. 

VERTICAL DIFFERENTIATION 

The vertical differentiation of occupance is developed in almost 
all the mountam regions wlitch have gone beyond the pioneer stage. 
Even early m the progress of settlement, when the main routes of 
travel arc of chief importance in gukling the arrangement of popula¬ 
tion, a vague altitude zoning js usually apparent; but as settlement is 
elaborated, vertical zones, differing from one another in the modes and 
forms of occupance, become more and more sharply differentiated, 
While this stratification is an almost universal feature of mountain re¬ 
gions, the actual modes of occupance at the various levels differ from 
place to place. In the low latitudes, for instance, the occupance has a 
tendency to become static, with little movement from one altitude to 
another; but in lire luidtlle latitudes in most mountain regions a regular 
seasonal migration up and down the slopes h developed. Throughout 
the world the differing cultures of the mountain dwellers find expres¬ 
sion in the many and various methods in which the resources of the 
several altitude zones are utilized. In other words, while some form of 
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vertical arrangement appears in tiie occupance of almost every moun¬ 
tain region, the ways in which this arrangement is worked out are in 
large measure unique for each group of people. 

Altitude Limits. The altitude limits of the various forms of human 
settlement arc in many respects similar to the horizontal limits of these 
same forms in the other landscape groups. In most eases such limits arc 
a reflection more of the culture of the people than of rigidly imposed 
natural barriers. However, in general, the same crops reach the upper 
limits of agriculture as reach its poleward limits, and there is a similar 
sequence of crops down the slopes or equatorw'ard. 

The extreme upper limits of settlement differ in the various moun¬ 
tain regions not only witJi such natural features as the snow line and 
tree line but also with the historical and cultural background of the 
inhabitants. The highest human habitation is reported by Bowman in 
the Andes of southern Peru, at an elevation of 17,100 feet/ only a little 
below' the snow line. Settlement at this great elevation, however, is the 
result of certain peculiarities of the occupancc in this region. Neither 
of the major culture groups in the Peruvian Andes, namely, the Indians 
and the Europeans, would, if left to itself, have established a permanent 
settlement at such an altitude. But the European has appropriated the 
better lands at altitudes suitable for his commercial crops, and the poor 
Indian has been forced to seek refuge at still higher altitudes where‘a 
scanty pasturage for Ids sheep and llamas may be had. In ^ch moun¬ 
tain region the upper limits of settlement represent a compromise be¬ 
tween the traditional mode of occupancc, the historical background of 
the people, and the peculiarities of the local terrain. We may say in 
general, however, that the highest settlements arc usually associated 
with mining; in fact, some mining communities have been established 
above the snow line. The next highest settlements are commonly sup¬ 
ported by the pasturage of domestic animals. Lower down, the various 
types of agricultural settlement appear. 

Both the animals and the crops w'hich support these settlements 
show fairly distinct upper limits in any one region. Because sheep can 

the chapicT on ihc AndtA by I. Bowman^ in J, Bfunh«, Human GragrapAy 
1920)^ pp. 453^98; refettn^c tsus page 
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txlit on much scantitr pasturage than cattle, they are the domestic 
animals which are tlriven highest in the mountains. Cattle am] horses 
usually occupy the richer pastures lower down. Of the crops, the potato 
reaches the highest altitudes, just as it reaches the highest latitudes. 
Lower dow'n, the various grains arrange themselves in the expectable 
sequence: barky, rye, wheat, maize, and rice in ticscending order- The 
tropical crops occupy the lower slopes of low-latjtude mountains. 


Vertical Zones, Most mountain people recognize in the region they 
Inhabit fairly definite zones of alrinide, to which they give distinguish¬ 
ing names. For the reasons previously suggested, the number of these 
zones is greatest in tlic low latitudes. In any region, however, these 
popularly recognized zones, when analyzed, prove to represent a gen¬ 
eralization of a considerable number of altitude limits; crop limits, 
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limits of various types of seitlcmcnt, even limits of racial groups. A few 
specific examples will illustrate this more clearly. 

On the slopes of Mount Orizaba in Mexico* at about latitude 19" N., 
six vertical zones are given popular recognition (Fig. 178)/ The two 
Upper zones arc simple concepts, each based on one dotiiinaiit feature. 
At the top Is the zone of permanent snow, lymg above 14,600 feet (to 
the peak at 18,110). The mne of alpine meadow lies between 13,100 
feet and the snow line. The forest zone is not so simple as the upper 
two, for it is differentiated by the altitude limits of the various trees 
into three parts: a lower part of mixed broadlcaf trees and conifers, a 
middle part of pine and fir, and an upper pare where pine alone can 
exist. The upper limit of agriculture as practiced on Orizaba lies about 
10,100 feet above sea level. This corrcspontls to the upper limit of 
wheat. At various altitudes below 10,100 feet arc found in succession 
the upper limits (in some cases the lower limits) of the various crops. 
As a result of certain typical combinations of crops, however, the 
agricultural cxrcupancc is divided into three zones. The //err'd friti 
(roughly from 6000 to 10,100 feet) is essentially the zone of ivheat cut 
tlvarion. Manioc, apples, maize, and beans arc associated with wheat 
at the bottom of this zone, but all these other crops disappear, one after 
another, as one ascends. Below the /terra fria is the rierrd femplada 
(from 2100 to 6000 feet). This is primarily the zone of coffee culture, 
altliough coffee does not quite reach the top, nor does its cultivation 
stop at the bottom. Associated with coffee up to their respective alti¬ 
tude limits are sugar, bananas, and rice, as well as maize, manioc, and 
beans. The lowest zone is the iierra calk/ite. This is the zone of 
rainy tropical crops: cacao, bananas, rubber, sugar, rice, maize, manioc, 
and beans. 

The vertical zones recognized in the Otztaler Alp.<; in Austria, at the 
head of the Adige Valley, are similarly composed of various individual 
limits (Fig. 178). The zone of permanent snow is above 9200. Below 
this lies the zone of alpine meadow and dwarf trees, within which, 
how'cver, pine, fir. and spruce have their successive upper limits. The 

'K:irl Sapper, Allgcmfiim WiTintAalts- mW Vrrlijrfirigeograpbie (Berlin. 1930). pp. 66- 
1,7. T!ic altitudA on Fig- I7fl and in ihe corresponding prH oi the lest are iramtated from 
the metric svsKin to the nearest roiirid numbers laf feet. 
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zone of continuous forejit cover begins sbout 6200, while the upper limit 
of the agricultural zone is about 5000 feet. Within the forest zone arc 
found die upper limit of broaJlcaf trees (beech) aritl the upper limit 
of crops (potatoes). Only one agricultural zone is recognized, although 
it is diversified by the limits of barley, rye, flax, wheat, and maize. 
There is no iicrra tempiada or fif fra caiicntc. 

In many of these mountain regions there is a stratification of people 
as well as of crops. We have already pointed out that in the Peruvian 
Andes the Indians, with their domestic animals and their subsistence 
crops of potatoes, barley, wheat, and maize, are now concentrated at 
the liiglier altitudes, while the Europeans, with their commercial crops 
of cotton and sugar, occupy the lower slopes and the coastal desert. 
Similarly, in Colombia the Indians arc most numerous at the higher 
altitudes, where they have been forced by the white man's appropriation 
of the hater lands lower down. The Spanish Americans for various 
reasons avoitkd the hot, humid, un healthful lowlands in South America 
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and Mitidk America, concentrating their settlements in the zones of 
grain cultivation and of coffee cultivation. Meanwhile the iierracaliente 
has been occupied chiefly fay Negroes, the descendants of former slaves 
who, upon being freed, sought what was to them a more congenial 
climate at the lower altitudes. As in tlic case of the low-latitude pla¬ 
teaus, discussed in Group II, the occupance of the mountain basins 
above 2000 or 3000 feet provides freedom from the ravages of malaria 
and yellow fever, but at the same time it raises seriously the problem 
of mountain transportation. Most of these Spanish American seiilc- 
ments suffer from difficult accessibility to markets—an item of the 
greatest importance to Occidental peoples, for whom a commercial 
connection with the economic world is one of the necessities of suc¬ 
cessful colonization. 

Oonirasts between the Low and Middle LatiludcSi In the low- 
latitude regions regular seasonal movements up and down the moun¬ 
tain slopes are of relatively minor significance. Not that such move¬ 
ments do not take place; in many regions inhabited by Europeans or 
Americans the ruling classes abandon their lowland towns during the 
hot season and ascend to highland settlements (New Delhi to Simla, 
Manila to Baguio, Rio de Janeiro to Petropolis); in other places there is 
a shift of the agricultural occupancc up and down the slopes in har¬ 
mony with the rains (as on the eastern slopes of the Andes).* Such 
movements, however, are of small importance. On the whole, the 
stratification of people and crops in the low-latitude mountains is static. 
In fact, the vertical contrasts in occupancc become well enough estab¬ 
lished so that locally important currents of trade are devclopctl between 
the lowland dwellers and the highland dwellers, based on the vertical 
differentiation of protlucts. 

There arc two reasons why the occupancc in most mitldle-latitudc 
mountains docs not achieve this permanence of stratification. In the 
first place, there arc fewer vertical zones and so less opportunity for the 
development of different layers of contrasted types of occupancc. There 
are no zones of tropical products or of coJfcc below die zone of grain- 
farming; and as one proceeds poleward, even tlic zone of grain-farming 

■1. Bowman, The Aodei of Soifthera Peru, New Vofit, 
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i$ forced to Wer and lower ^iltuudcs until it dLiappcars altogether, 
and the forest zone descends to sea level* In the second place, the 
marked seasonal change, which is lacking in the low latitudes, renders 
tilt higher mountain slopes proiluctivc only at certain seasons. There 
is a tendency, therefore, for the mountain peoples to establish their 
homes at the lower altitudes and to ascend each summer with their 
domestic animals to take advantage of the excellent pasture lands of 
the alpine meadows. 


Transhumance and Seasonal Seminomadism. The movements up 
and dowm the slopes of midille-latitudc mountain ranges in response 
to the rhythm of the seasons are of two chief kinds. There arc move¬ 
ments involving only the herds or flocks of domestic animals accom¬ 
panied by a small number of attendants, and there are movements 
involving nor only the animals but also the whole human group. These 
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kinds of movement arc called, respectively, transhumance' and seasonal 
semmomadism, Transhumaiice is a widespread phenomenon. It is re¬ 
ported from nearly all the lower mid tile-latitude mountain regions of 
the world, with one striking exception to be described later. The flocks 
of sheep of the pastoral nomads of inner Asia are driven into the 
mountains during the summer, and a similar combination of trans- 
humaiicc and nomadism is practiced in the southern Andes of Ar- 

'“Trartshumaiiec" ti a word borrowed from the French. It ia derlvod ffLitti a coin- 
iMnaiion oUrnns, meaning "atfo**" or "over” and kumas, meaning "the ground." As a 
term, "transhumanee" denotes the periodic, of seasonal, mofcmeni of flocks or herds of 
Jomesde animals between two ores ol different ctimiiic conditions. Such climaM dif. 
ferences within relatively sheet distances arc found in mountaiiw. and the tenii "traiu- 
humance** is therefore associated with the seawnal movements nf domesiic animals in 
mounlam areas. A disdnclion is made hetween the Greater Transhununee, involving 
iimsYmcrKs between a mountain region and its surrounding Inwbnds oe plateaus, and the 
Lestscr Trtfiihumance, which includes movements wiihin the mountain region from 
Itswei in higher skpes. t H, Carrier, Water md Crass, a Study in the Panorai Txanomy 
of Soiiikem Ettrapr, IrtndoTi. 1932. 
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gcntinj and Chile. In the North American moumalns transhumance 
without any form of nomadism is ihe rule; sheep arc driven to tlic 
higher psturcs above the limber line, and cattle and horses to the 
pastures at lower elevations, many of them in the opn forests of these 
regions. Similar movements of animals are reported from Australia and 
New Zealand. 

Transhumance combinetl with seasonal semlnomadisixi was formerly 
an outstanding feature of mountain occupance in Europe, especially 
southern Europe, where the nomadic tradition was a culture trait of 
the mountain peoples. These movements of the people as well as of 
the animals continue even totlay, hut in a form much modified by 
modern transportation. In some of the mountain valleys of the Alps 
an exceedingly complex series of migrations up anil down the slopes 
takes place. After passing the winter in stables in the valleys, the ani¬ 
mals are started up the mountains early in the spring. Tlicy are driven 
first to the lower pastures (known as the vordps), and then, as the 
snow melts, they proceed fay stages to the pastures above the tree line 
(known as the dps)^ Meanw'bUe the human group carries on various 
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activities at JiiTerent levels—now climbing to harvest a crop of hay 
from the alpine meadows, now descending to care for grains or vege¬ 
tables planted in the valleys, now ascending again to make cheese at 
the settlements on the alps. 

The most complex of such movements was described by Btunhes 
in the Val d’Anniviers, a tributary of the Rhone in Switzerland^ In 
this valley the inhabitants have several permanent villages at different 
altitudes, and some of the jieople can be found at almost all times of 
the year ascending or descending the mountain roads between their 
different habitations. Their activities extend from vineyard cultivation 
in the Rhone Valley to cheese-making in the alpine meadows near the 
snow line. This very active and sclf-sufHcient community, however, is 
now being changed considerably by the establishment of tourist hotels 
in the upper part of its valley. The economic life will suffer a profound 
modification as a result of this closer contact with the outside world. 

The Lack of Transhumance in Japan. Japan is a notable exception 
to this general rule of mid-latitude mountain occupance. Until recentty 
little or no pastoral utilization of the mountain slopes to 
supplement the intensive agricultural use of the valleys and coastal 
lowlands. The Japanese culture contains no traditional familiarity with 
domestic animals, for other than draft purposes, to suggest the use of 
the mountain pastures; nor are the pastures of much value in ihc high 
mountain area of Japan, owing to the growth of nonedible bamboo 
grass and sedge. A distinct vertical zoning Is developed which remains 
undisturbed by important vertical movements, in spite of the rhythm 
of the seasons. Agriculture, based primarily on rice, is concentrated in 
the valleys, the intermont basins, and the coastal lowlands (Fig. 1H4 
and 185). Cenain dry-land crops, such as tea or mulberry, arc planted 
on the lower slopes. Above this zone of cultivation the Japanese moun¬ 
tains arc forest-clad, and into this zone come a few charcoal-makers 
during the summer months. Still higher arc the unoccupied alpine 
meadows, just below the snow' line. 

‘S« Chsputf VIIf in T. Bmnlus, fji Ciagntfihu hitmainf. Paris, 1M5; and also 
P. Arbos "The fTeography of Paifiwal lifr," G^grap/iital Rriifw, \'6l. IJ (I92J), 
pp, 159-57^. 
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SPOTTY DISTRIBUTION 

The mountain lands resemble the drv lands m the prevailing scanty 
ness of population. Yet, as in the dry l^ds, there arc in these regions 
numerous small areas of very dense population,—some of the densest 
in the world. The concentration of the occupance in the valleys, basins, 
delta plains, or other bits of dattish land at appropriate altitudes is an 
outstanding feature. The resulting patterns of occupance arc no less 
spotty than the background of the physical setting. The areas of con¬ 
centrated settlement are of various sizes and shapes, but each com¬ 
munity is more or less isolated from other communiiics by uninhabited 
slopes over which communication is very difficult. 

Relation of Settlements to Landforms- Among the mid-latitude 
moumam regions there are many illustrations of the concentration of 
people and their settlements m the small areas of favorable land The 
densely populated lowlands, with their big cities, form a striking con¬ 
trast to the scantily populated highlands in such small countries as 
Switzerland and Austria. The canton of Zurich in Switzerland, a low- 
land canton, has more than seven hundred people per square mile 
w^hereas the canton of Valais, in the highlands, has only about sixty 

per square mile, and these are mostly in the valley of the upper Rhone 
(Fig. 190 

A map of the land utilization in Andorra brings out these relation¬ 
ships quite cleaHy (Fig, 183). Agriculture in this mountain state in the 
Pyrenees is limited to a few cultivarcij crops and to hay cue from un- 
tilled meadows. The .igricultural lands follow the valley of the Rfo 
Balira and Its tributaries. The sequence of widened mtermon: basin 
and narrow, stcep^wailed gorge, which is characteristic of mountain 
streams descending over rocks of varying degrees of resistance, is re¬ 
vealed m the pattern of the agricultural land. The concentration of the 
small villages m these basins can be seen, and also the location of the 
chief town, Andorra, in the midst of the largest basin Only a small 
proportion of this little country is devoted to agriculture^ much more 
of the area is alpine pasture with a few patches of forest. But the various 
parts of the territory are divided into small units by slopes too steep 
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for anv kind of use,—slopes which follow either the sides of the main 
valleys or the mountain crests. 

The relation of population distribution to areas of relatively level 
land is also illustrated by two maps of the central mountainous part of 
the Jap,'uiese island of Honshu (Figs. 184 and 185), The number of 
people in any given territory is in rather strict proportion to the size 
of the plains and basins, much as in the dry lands, where the population 
of an oasis is strictly proportional to the available supply of water. 
Tokyo and Yokohama occupy the Kwanto Plain, the largest in Japan. 
Other large cities, such as Nagoya and Osaka, occupy other plains of 
considerable extent. Many small vUlages and towns are strung along 
the coast on the smaller delta plains and coastal terraces, while hack 
in the mountains each intermont basin and narrow valley bottom stands 
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out clearly on the population map. Yet the greater part of the territory 
is only scantily inhabited, so rugged arc the slopes. 

Although this tendency to concentrate on the lowlands is rcpcateil 
by various cultures in the mountain lands, there are a few regions where 
the low'lands have been avoided in favor of the higher iniermont basins, 
Tliis is notably the case in most parts of Spanish America. So common 
is the concentration of settlement in the highlands, leaving the low 
coastal regions almost unuihabited, that many writers have insisted that 
this was a result of the avoidance of the hot lowland climates. The 
historical fact is that the Spaniards came to the New World seeking 
gold or other sources of quick wealth, and also large numbers of seden^ 
tary Indians who could be converted to Christianity and set to work in 
the mines or fields. Such groups of Indians at the time of the Span¬ 
ish conquest were to be foxmd in the intermont basins of Mexico. 
Guatemala, Colombia, Ecuador, Peru, and Bolivia. To these places the 
Spaniards directed the main streams of settlement. But where the 
largest number of Indians were found irt the lowlands, the Spanish 
settlements were also established in the lowlands, as in the Dominican 
Republic and in Nicaragua. The Mexicans in the high Basin of xMcxico 
found the continuously cold climate so tiresome that they established 
a resort city, Cuernavaca, in the tierra tcmplada close by. In other 
words, the kinds of places sought for the establishment of settlements 
in mountain regions depends on the cultural traditions of the people; 
bur in any case, the chief areas of concentrated settlement are to be 
found on the relatively gentle slopes (Fig, 186). Settlements on very 
steep slopes arc usually associated with mining, or arc found to be places 
of refuge, such as Machu Picchu in Peru, 

Relation of the Settlements to Local Climates. Few generalizations 
can be made concern mg the relation of settlements to the various local 
elunatcs of these mountam lands. In dry mountains, for instance, the 
rainy places are preferred; but in rainy mountains the mhabiiants com- 
monly seek the sunny, dry, lee sides, as in the Flawaiian Islands. In 
the mid-lacitudc regions the sunny slopes arc usually so much more 
desirable than the shady slopes that a definite separation of the wealthier 
people from the poorer people takes place, the former occupying the 
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ad ret, the lancr the ubac. In the low latitudes, on the other hand, the 
sha<|y side is chosen hrst, and the poorer settlements occupy the sunny 
slopes. The greatest variety of local adjustments is possible. Thus there 
may arise nor only a vertical stratification of people, as in the Andes, 
but also a complex rearrangement within the same vertical zone to 
conform to the different details of slope and local climate. 


MOUNTAINS AS BARRIERS 

Because of the steep slopes, the narrow valleys, and the rigorous 
climates of high altitudes, especially in the middle latitudes, moun^ 
tains have played the role of barriers to the movement of people on 
the earth. The mountains tend to isolate and separate the communities 
within the mountain regions, and also the peoples on either side. 
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The bob lion of Mountain Communities. Tlur isolation of moun- 
rain communities is tlifficuU to overcome. Steep slopes require rhe 
construction of trails which cling precariously to the ledges of 

the valley side. Avalanches, especially on the rain-soaked valley sides 
of tropical tnouniains, frequently obliterate parts of the trails an<l render 
communication uncertain. If the trails reach considerable altitude, the 
obstacles of snow, high winds, and low temperatures arc added to the 
difficulties of rtigged surface. Yet, in spite of these difficulties, it is 
quite commonly easier to gain access to an iniermont basin by climbing 
over its mountain rim than hy attempting to follow the narrow, steep- 
walled gorges along the river. It is in such places that anthropologists 
look for survivals of older races and cultures, which, without the pro¬ 
tection afforded by the isolation, would have been submcrgal. 
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The resources of mountain lands, morcov*er, arc tn many regions 
msuficient to pay (he huge cost of railroad and highway construction. 
Those mountain basins which happen (o lie close to a pass route may 
hnd the problem solved with relative ease, but the more remote Occi¬ 
dental communities must pay their own way if they arc to be connected 
with the urban centers. Probably the chief support for railroad develop¬ 
ment away from the pass routes has come from mining and lumbering- 
industrial developmcnl—especially of such industries as the manufac¬ 
ture of paper or matches, which can make u.sc of both timber supplies 
ami water power—has resulted in railroad construction. More recently 
tourist establishments have supported the buikhng of railroads and 
highways. 

Pass Routes. Mountain ranges, also, play the role of barriers between 
the territories on either side. Jn this capacity mountains have shajicsl 
the course of history at many critical times. The importance of the 
Alps and Carpathians in shielding the growing cultures of the Mediter¬ 
ranean lands, or of the Himalayas in shielding India, can scarcely be 
overemphasized, although Ixith these barriers were crossed at one time 
or another by conquering peoples, Because mountains arc barriers the 
interests of the inhabitants of a wide extent of territory are focused on 
the pass routes. These become nodal [mints of great strategic impor¬ 
tance, not only from the military poltvt of view but also from the 
commercial and political points of view. 

Pass routes across mountain ranges arc developed not only as a 
result of the existence of an easy natural line of travel, but also in 
response to a demand for communications. Many easy natural passes 
arc followed by little-used trails, as in the southern Andes, because the 
arrangement and needs of (he people on either side bring about no 
insistent demand for a line of travel. On the other hand, many of the 
actual roads or railroads which cross mountain barriem in places where 
the demand for communications from a large territory is concentratnl 
follow very tiifficuh routes. Fortunate, indeed, arc those few' places 
where world routes of travel come to a focus on a relatively easy 
pass, such as the Isthmus of Panama. In any case, few pass routes bear 
any relation whatsoever to the local resources of the mountain area; 
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they are tlevelopcd in response to conditions elsewhere in the world- 
The greatest contrasts may therefore be found between the settlements 
along the routes themselves and the settlements of the mountain 
dwellers only a short distance away. 

Considering the arrangement of the mountains in the world as a 
whole, we can plate pass routes in two categories. There are the passes 
which cross the raountainous rim of the Pacific Ocean, and there arc 
the passes which cross the great cast-west mountain barrier of soudttrn 
Asia and Europe. But the rim of mountains around the Pacific is 
broken in the north and south and especially in the southwest- There 
is no barrier problem involved in sailing from the Indian Ocean into 
the Pacific. In Asia also the chief difficulties standing in the way of 
overland communication between China and die Western world arc 
not those of mountains but, rather, those of aridity combined with low 
winter temperatures. The mountain rim of the Pacific is most effective 
as a barrier in the great north-south extent of the American ranges. 
To illustrate the development and historical importance of pass routes 
over these great barriers, let us consider a few examples. 

The Panama Route. The importance of the Panama route is es¬ 
pecially great because, at least up to the present, this route has no 
competitors close by. Not only the great width of a large part of the 
continents of North and South America, but also the height of the 
passes over the western mountains, has helped to emphasize the focus 
of lines of travel on this point in the barrier. In the country of Panama 
the mountain backbone of Middle America drops to such a low eleva¬ 
tion. while still retaining the characteristics of steep slopes and narrow 
valleys, that a passage from one side to the other may be had by a 
climb of only two hundred and eighty-five feet through the Culebra 
Pass, The surface here has been deeply eroded under rainy tropical 
conditions, resulting in steep slopes, deep cby soils, and the danger of 
frequent landslides. The whole region was originally covered with 
a selva. 

Inevitably the Isthmus became the focus of transportation routes. 
A road from Portobdo, on the Caribbean (northwestern) side, crossed 
the mountains bv the Culebra Pass and descended to the Spanish 
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calonia] town of Panama, on the Pacific (soLithcastcrn) side, Panama 
was (he base from which proceeded the conquest of western South 
America; and later the entire trade between Spain and its South j^nacr- 
Scan colonies was Utnited by law to the route by way of Panama. Boats 
from Spain brought goods to Portobcio; thence the goods were carried 
by mules over the Isthmus to Panama and there were reshipped south. 
The road across the pa^, used chiefly by mules, served until about 1850, 
at which time the stream of American gold-seekers, on their way from 
the eastern part of the United States to California, stimulated the con¬ 
struction of a railroad. 

In 1876 the French, encouraged by their success in Suez, sent a 
mission to Panama to surs'cy a route for a canal. In 1881 a French 
company started work near Colon, attempting to dig a waterway like 
the Suez, without locks. Two things blocked success. The construction 
of a canal at sea level W'as much more diflicult in Panama than at 
Suez, for in the latter case there W'as no mountain range to cross, but 
only a low ridge; and the rainy tropical climate of Panama, with its 
disease-carrying moscjuitocs, was very different from the desert climate 
of Suez, where there is little penalty for poor sanitation. Bur the canal 
project was too imprtant, considering the geographical position of the 
Isthmus, to permit its abandonment. In 1904 a project under the con¬ 
trol of the United States was undertaken, beginning with an expensive 
and widespread program of sanitation. The draining of sw'amps and 
the clearing of luxuriant vegetation cost too much for the average 
tropical community; but if yellow fever, malaria, and other rliseases 
now common only in the tropics are to be eliminated, it must be by 
the elimination of breeding places for the mosquito. The new' canal 
projea included the construction of a huge dam at Gatun and the flood¬ 
ing of the valley of the Rb Chagres. Access to the lake, which is some 
40 feet above sea level, is gained through locks. The Gailkrd Cut car¬ 
ries the canal across the divide to the PacL'ic side, and here two sets of 
locks are used to permit descent to sea level (Figs, 188 and 189). The 
work was completed in 1914, the first boat passing through the Canal 
on August 3 of that year, 

Tn return for its ijitlepcndcnce and the defense of its territory, 
Panama, formerly a part of Colombia, has leased to the United States 
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a Strip of land ten miles wide known the Canal Zone. Within this 
zone the usual tropical landscapeSt many of them still primitive, have 
been transformed by the magic touch of money and commercial interest. 
Instead of being left in the wild confusion of a tropical forest or being 
closely packed w'ith the squalid wooden houses of an isolateti tropical 
city, the country has been cultivated like a park, and the cities of Cris* 
tohai (on the Atlantic side) and Balboa (on the Pacific side) arc built 
with wide, paved streets, shaded by trees and bordered by widely spaced 
white bungalows, and are kept scrupulously clean. The contrasts arc 
extraordinary betw'ccn the landscapes, botli rural and urban, which 
result from centuries of occupancc in Panama, and the landscapes in 
the Canal Zone, which reflect unlimited financial backing at a focal 
point in world trade. From the results attained in the Canal Zone, 
however, it is not possible to conclude that all tropical lands can be 
similarly ticvelopcd. 
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The Brenner Pass. The Brenner Pass, across the Alps, is not so 
signiiicant to the world as a whole as the Panama route; nor is it so 
important a crossing o£ the European mountains as either the Bosporus 
and Dardanelles straits in the cast or the Rhone-Sadne Valley in the 
west (Fig, 68). The Brenner Pass, however, has played a very im¬ 
portant historical role. From Verona in Italy to Munich in Germany 
the crossing of the Alps by this route requires an ascent of 4470 feet 
(Fig, 190). From the Plain of the Po the Adige Valley* a broad glacial 
trough, provides an easy route of approach to the divide. From the 
crest the descent by way of die Inn Valley is only 2767 feet. In this 
way the Alps may be crossed by a single climb, although elsewhere 
more than one range must be crossed through higher passes with steeper 
approaches. As a result the Brenner Pass has been of importance from 
an early period in history. By this route the Cimbri invaded the Po 
Valley; and later the Roman forces, marching out to the frontier posts 
on the Danube, followed it, building a road so that supplies could be 
sent out to them. Over this pass came the amber from Germany on 
its way to Rome in exchange for fabrics and wines. The German 
emperors of the Middle Ages invaded Italy over rhe Brenner Pass, ami 
later the road through the pass was traveled by people from the north 
attracted by the culture of Venice. The trade which was carried on 
over this pass from Venice resulted in the early flourishing of such 
cities to the north as Augsburg, Ratisbon, Nurnberg, and Leipzig, The 
first carriage road over the Alps, and later the first railroad, follow'cd 
the Brenner route. To this day the Brenner is one of the chief lines of 
travel between central Europe and Italy. Within the mountain area 
there arc only glistening steel rails traveled by heavily loaded trains, 
and highways over which motor cars or wagons pass back and forth; 
yet the effect of the pass is felt in the lowlands on either side through 
the growth of the pass cities—Verona to the south and Munich to the 
north. 

The Khybcr Pass. Many mountain ranges cannot be crossed by a 
single pass like the Brenner. Instead, several ranges must be crossed 
by means of long, tedious ascents and equally difltcuit descents. Thus 
the caravans from the oases of Tashkent and Bokhara seek the markets 
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of Jmlia over the ranges of the Hindu Kush by a series of difficult 
passes (Fig. 191). From the Amu Darya and the piedmont oasis of 
Mazard-Sharif, they cross several lesser divides, finally surmounting the 
main range of the Hindu Kush Mountains over the Hajikhak Pass at 
]2,1S8 feet. Thence they cross the Paghman Mountains by the Unai 
Pass to Kabul at 57*10 feet, and then, after passing through the narrow 
gorges of the Kabul River and the Khyber Pass at 6825 feet, they de¬ 
scend to the town of Peshawar and the Indus Valley. Over this and 
neighboring routes have come the repeated invasions of India which, 
in the course of history, have peoplcil that land with such a variety of 
races. Until recently, in addition to the dangers and difficnhies of the 
road, the pass was dominated by Afghan tribesmen, who for centuries 
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collected toll from the parsing caravans and not infrequently resorted 
to pillage. Across this series of passes there is no railroad—only a road 
with steep grades and sharp turns, traveled in large part by loaded 
bullocks. However, at either end of the pass cities have grown up; 
Peshawar aiul Kabul are the two places which arc most directly de- 
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pendent on the Kiiybcr Pass. Farther on, Bokhara is the focus of pass 
routes, not only from the south but also from the high basins of inner 
Asia to the east. 


Conclusion 

In more than a surHcial seitse mountains arc major features of the 
earth’s face. Not only do they stand out conspicuously from their sur¬ 
roundings, but their influence is felt far beyond the limi rs of this group 
in the conrinental patterns of climate and vegetation and in the general 
arrangement of the occupance. On a continent without mountains the 
major patterns of the landscapes would be simple; the areal scene could 
be painted, as it were, with broad sweeps of the brush. But mountains 
complicate the picture. The differences between the simple patterns 
shown on the generalized continent (Fig. 51) and the actual patterns 
on the face of the earth are to some extent the result of irregularities of 
coast line; but in large part they are the result of the distortion of 
climatic lines by mountain barriers. These effects are felt beyond the 
mountam borders: wkhin the mountain regions there is an intricacy 
of design not ctjualcd in any other parts of the earth. The landscaptti 
are composed of such a complexity of detail that only large-scale topo¬ 
graphic studies can reveal their essential qualities. A general vertical 
differentiation of the landscapes can be discerned, but this fact is ob¬ 
scured in detail by the spotty design of all the landscape elements. It 
is this remarkable variety of scenery as well as the Imposbg grandeur 
of snow-capped peaks against the sky that gives to the mountain lands 
their fascination. 
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The industrial society is global in its scope and international in its 
needs. Yet within the industrial society the senriment of nationalism 
has risen until it has become essentially a religious faith. "Nationalism 
is the Strongest emotional force in the world today through which the 
individual is able to transcend his ephemeral self and to become idea* 
tified with the relative permanence of a self-perpetuating group The 
organization of an mtcrnational society which is essential for the sur¬ 
vival of the urban-industrial way of living will be complicated by 
profound ilLffcrcnccs of attitude and objective as long as the world is 
composed of sovereign natJon-states. It is hopeful, but inaccurate, to 
think that these difficulties arc similar, and only broader in scale, to 
those w'hich beset the founders of the United States before the thirteen 
colonics had agreed to join a federal union. Perhaps it is closer to 
reality to say that people may be driven to an acceptance of an inter- 
national order by fear of the consec|tJences of failure. 

The technology of the industrial society offers the possibility of 
better living for greater numbers of people than has ever before been 
w'ithin reach. Large-scale primary protluction, large-scale manufactur¬ 
ing, and low-cost transportation make it technically possible for human 
societies to form more efficient connections with the resources of the 
earth than could ever be formed in past ages. By increasing the pro¬ 
duction per person through the use of machinery and motlcrn sources 
of pow'cr it is possible tef raise the level of living, to increase its security 
from the effects of local disasters, and at the same time to ilccreasc the 
number of hours of labor which each person must give for a bare sur¬ 
vival. Differences of geography will always remain, for even the theo¬ 
retically complete operation of the principle of one economic world 
would not wipe out regional contrasts; there will always be groups 
which are better off than others; there is considerable doubt whether 

^Ferdinand Schcvill, *"Can Our GivinKarion AcLitrve a More Stable WorEd Ordcr.^” in 
The Foun^iihont £)/ 0 More World Ordrr, Hsrris Foundatinn Lecture, 1540, 

Cliicaga, Wl* pp. 
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under the best possible conditions of international co-operation enough 
of the bare essentials could be produced from the resources of the earth 
to raise the standards of some of the Oriental countries to what the 
Occidentals consider to be a tninimum. But for a large part of the 
human species there is hope for economic security. 

The invention of methods for the utilisation of atomic power is the 
latest phase of the great revolution in human affairs which started m 
the eighteenth century, No reliable estimate of the results on human 
economies of the peaceful use of atomic power can yet be made, but 
it cannot be denied that the results can be much greater than anything 
which the industrial revolution has yet brought. At the same time, 
however, the use of atomic power for purperses of destruction could 
easily wipe out not only the cities and factories of the world but also 
all but an impoverished remnant of mankind. These almost incredible 
alternatives are before us. 


The Use of Raw Materials 

Already, before the use of atomic pi>wcr for the proiluction of cheap 
energy, the industrial techniques of the Occidental world have enor¬ 
mously increased the rate at which the earth s raw materials arc utilized. 
The need for coal, oil, iron ore, and other industrial metals an d for 
fertilizers has increased so rapidly that well within the lifetimes of 
most of the people who read this book more minerals have been re¬ 
moved from the earth than in all the preceding history of mankind. 
Not only have the well-known metals, like tin, copper, and iron, been 
taken from the earth at unprecedented rates, but many new materials, 
never before valuable, have been exploite^l for the first time, such as 
the hardeners of steel,' or bauxite, the ore of aluminum (Fig. 193), And 
in addition to the use of natural resources which arc taken from the 
rock layers of the earth, there has been enormous demand for lumber, 
for fibers, and for crops which grow in the soil. 

One result of the demand for raw materials and of the new means 
of transportation is the tendency to focus the international demand on 

'The hardeners of steel, or fcrroailkm, ineltide tungsten, nickel, dim- 

miUrri, ?ntl vanadium. 
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a very few places. For example, iron compoutmis are widespread among 
the rocks of the earth’s crust, and iron ore has been mined in a great 
many places. In the early days of colonial New England the ore which 
was used to supply the small charcoal-burning foundries was col I ref ed 
from tile bottoms of the numerous inland lakes, where a certain type 
of bacteria had deposited a "bog iron ore.” But the demands of modem 
industry could not be supplied by the small-scale utilization of many 
scattered sources of iron ore. In order to supply industry with sufficient 
ore at a low enough cost per ton it is necessary to seek out and exploit 
the few ore bodies which arc extensive enough to permit large-scale 
operations. A small body of exceptionally high-grade ore might be 
more costly to utilize than a large body of poorer ore, unless the rich¬ 
ness of the ore could compensate for this higher cost, 

Actually, during the early 1930’s about 90 per cent of all the iron ore 
produced in the W'orld came from some 6ve localities. The United 
States produced 40 per cent, chiefly from the mines of Minnesota and 
Michigan near the shores of Lake Superior and from those of the 
Birmingham District of Alabama, France and Luxembourg together 
produced 37 per cent, from ores which came from one ore hotly shared 
by these two countries. The Soviet Union produced 7 per cent, chiefly 
from the Ukraine. The Kimna District of northern Sweden producer! 
6 per cent. From these places and from the Bilbao District in northern 
Spain came most of the vast tonnages of iron ore which the world 
was using. Important iron reserves still untouched are known to exist 
in Brazil (over 20 per cent of the world total), Venezuela, Newfound¬ 
land, Labrador, and Cuba (Fig. 193). 

Coal is traditionally the basic raw material of the industrial society 
because it is used not only as a source of |>ower but also in the metal¬ 
lurgy of iron and steel. The concentration of coal fields in just a few 
parts of the world is even more striking than the concentration of iron- 
ore bodies. Of the world's estimated reserve, the United States and 
Canada together have 64 per cent, the Soviet Union has 21 per cent, 
and China has about 4 per cent. Thus these four countries have nearly 
90 per cent of the W'orld's coal. Between 1935 and 1939 the United 
States was mining about 34 per cent of the world's coal production, the 
United Kingdom was mining 20 per cent, Germany was mining 13 per 
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cent, the Soviet Union was mining 9 per cent, anti China ami Man¬ 
churia were mining 6 per cent: 82 per cent of the world's total 
Oil is a raw material of the greatest importance in the motkrn 
world,—of greater importance than any other raw material with re¬ 
spect to the operation of the machines of the industrial society. Again 
S. Minera!! In New York, 1943, 
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the United States has been in a singularly favorable position because 
of the vast oil pools discovered and exploited within its continental 
area. In the year 1946 the proved oil reserves of the world amounted 
to some 63,400j000;000 barrels. Of this total about 33 per cent arc in 
continental United States. But the largest known reserve of oil is in 
the Middle East—In Saudi Arabia, Iraq, and Iran,—where some 41 per 
cent of the world total is found. A little more than 9 per cent is in the 
Soviet Union, chiefly in the Caucasus region, just north of Iran and 
Iraq. Another large oil held, already one of the chief producers of the 
world, is in the Maracaibo Lowland of Venezuela. Oil has not been 
found in large quantities in any other places, although the chances of 
further discoveries of oil are less predictable than in the case of iron 
and coal (Fig. 194). 

The same principle of uneven distribution and the concentration of 
production in a few localities is reveakd in a study of the other raw 
materials. The production in 1940 of the more important minerals is 
shown in the table on page 435. In almost all cases well over three 
quarters of the production comes from three or four sources. Even in 
the case of agricultural raw materials which are used for industry the 
same is true. Most of the world’s cotton comes from only seven places, 
and until the I930’s half of it came from the Cotton Belt of the United 
States. The other places arc the Deccan of India, China, the southern 
part of the Soviet Union near the Caspian Sea, Egypt. Brazil (Sao Paulo 
and the Northeast), and Peru. Most of the world’s rubber comes from 
Malaya and Sumatra. The accompanying maps, Figs. 195-197, sug¬ 
gest the major areas of production of the chief agricultural products 

of the world. 


Transportation 

Technological progress in the application of controlled inanimate 
power to transportation is one of the essential features of the rise of the 
industrial society. The invention and construction of the means of 
carrying large volumes of all kinds of materials at a low cost per unit 
of weight has been a major factor in raising living standards in the 
Occidental world. Not only arc the industrial centers supplied with 
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the huge vpluiue of materials necessary for their support, but afso it 
becomes possible for production to localize in diosc regions or localities 
where costs arc lowest. The differences in kind of prtxluction from 
place to place on the earth is a result, in part, of physical differences 
of the land, and, In parr, of the existence of low-cost transportation 
and relatively unrestricted international trade. Anything which raises 
the cost of transportation, or which increases the restrictions on trade 
across international boundaries, decreases the size and significance of 
the areas of localized or specialized production in places where goods 
can be turned out at low cost. 

Railroads. The railroad is a distinguishing feature of the Industrial 
society. Mark Jefferson s maps of the continents, on which bands arc 
drawn in white covering about ten miles on cither side of a railroad, 
reveal in a striking manner the centers of the industrial society and 
the extent to which this society has spread away from these centers 
(Figs. 73-74). The contrast between the densely populated parts of 
the Orient and those of the Occident is especially noticeabl'*. There is 
a Fundamental difference between the quality of life within ten miles 
of a rail line or a paved highway and the quality in places remote from 
any rail lines and highways; and this difference is by no means wiped 
out by the spread of air transportation to the remote places. 

Highway Transportation, After World War I the importance of 
highway transportation increased enormously, especially in the United 
St,ltcs. The present world dUtribution of highways passable in all 
weather for motor vehicles resembles in general the pattern of railroads. 
The North American area of wclUieveloped transpurt.^tion, however, 
shows a closer net of paved roads than iloes any other major part of 
the world. In 1940 the United States had over 3,000,000 miles of high¬ 
way: there were 1029.6 miles of highway for every lOOO square miles 
of area. At the same time Europe had 858.5 miles per 1000 square miles. 
The British hies, how'cver, had 2000,7 miles per 1000 square miles. At 
this same time the United States hail 6B.3 per cent of all the motor 
vehicles of the work!, wkh one vehicle for every four persons. In the 
British Isles there was one vehicle for every 20 |)crsons, 
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Ships. Railroads and highways come to a focus on a relatively few 
large ports, and between these ports ocean ships provide intiinate con^ 
tact. In North America, for example, about half the oversea commerce 
of the United States moves through New York, Philadelphia, Baltimore, 
and Norfolk. There is a similar concentration of shipping activity 
around the North Sea. The greater part of the world’s ocean commerce 
is carried on between these two major areas of the industrial society- 
northeastern United States and w'cstern Europe. But for every ship 
carrying goods across the ocean there are perhaps four ships engaged 
in short voyages along the coast, connecting one port with another on 
the same continent. If all the world’s ships could be shown on a large 
map for any one day, there would be a great concentration off the same 
coasts which stand out as white on JeHerson's railroad maps. Many 
of these ships w'ould be sailing along the North Atlantic route between 
the North Sea and Middle Atlantic ports of the Unitetl States; many 
would also be seen along the Mcditerranean-Suez-Red Sea route be¬ 
tween western Europe and southeastern Asia and Australia; smaller 
numbers would be seen on the Southern Hemisplicrc routes; on vast 
areas of the oceans there wouUl be no ships at alb 

Airplanes. The dcvclopmenr of air transportation has forced people 
to look at world geography with new perspective. The old familiar 
maps of middle and low' latitudes, with north at the top and with most 
of the high latitudes left out, were good enough for people whose chief 
means of oversea travel was by ship; yet as a result of the use of these 
maps the real relation.^ betw'ccn continents and centers of population 
were scarcely understood except by professional geographers anil map- 
makers. If a hemisphen: map is drawn with Its center in France, it 
will include what is incomparably the most im^ioftant part of the earth 
from the human point of view. Jn this hcniisphcrc (Fig, ]99) is almost 
90 per cent of the land area of the w'orld, outside of Antarctica; in it 
arc to be found 94 per cent of all die people of the world and 98 per 
cent of the world’s industries.' It is a geographic fact, and not a result 
of the location of the centers of Occidental culture, that western Europe 

"J, Psrlsef Vafi :£andt, Tht Ct^grafhy of World Air Tromfort, VVashingloii, D, C,, 
1944. 
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Ftc, 19“*. Tht finnetpiii hemisphere. ( Alter Parker Van Zandt) 

lies close to the center of this "principal hemisphere," and that other 
parts of the world mast be mcastired in terms of remoteness from 
Europe. No other great trading area of the world occupies such a 
central position; 94 per cent of the trading centers of the world are 
closer to Europe on the average than to any other region of the world. 
Most of them arc within twenty-four hours of flying time from Europe. 
The world’s air routes are much freer to follow great circles than are 
water routes. Air lines will be drawn between the chief centers of 
population and production, just as railroads concentrate in these areas; 
and from these centers long tentacles will be extended to remote places. 
ddd 
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The perspective of the world shown by the globe, Fig. 199, indicates 
that, contrary to some enthusiastic writers, the chief air lines will not 
cross the polar regions, but will lie on the periphery of these regions. 
From the chief centers of the United States to the chief centers of 
Europe the air routes cross Newfoundland or Labrador and perhaps 
touch Greenland and Iceland; from the United States to the population 
centers of Japan and China the air routes cross Alaska and northeastern 
Siberia; directly across the pole from North America are the scantily 
peopled forests of Siberia and, beyond them, the deserts an<l mountains 
of inner Asia. In this perspective of the world South America extends 
away from the major centers of population and production, and Ar¬ 
gentina, at the southernmost tip, is one of the most remote countries 
on the earth. Only where northeastern Brazil approaches Africa is 
there a direct air route from Europe to southern South America which 
docs not first cross North America. 

Cities 

Every remote farm and every rural hamlet in the pattern of Occi- 
ilental settlement is attached by a road or by some other route of trans¬ 
portation to larger centers, and the larger centers in turn arc connected 
with the great cities. The concentration of people in cities js a major 
distinguishing feature of the Occident, and especially of the mdustrial 
society. In 19W there were fifty-one cities with more titan a million 
inhabitants in dte world. There are 19 such cities in Europe, most of 
them, as we have seen, in the regions of Group IV. In North America 
there are 13 great cities. In other parts of the world there are 19. The 
three cities which stand out above all others arc New York, London, 
and Tokyo. 

Urban Functions. People gather together in cities in the Occidental 
world because certain kinds of activities are better carried on where 
people are living close together. Some of these activities are economic, 
some are political, some arc social. The two major activities which 
cause people to live together are the economic ones—commerce ant] 
manufacturing industry. Administration is a political function carried 
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on In urtiati ccnicrs. Social activities tnclutie education, art, music, 
religion, and recreation. 

These activities arc known as urban fttnetiatts. They may- be classi¬ 
fied under four major headings: commerce, industry, administration, 

‘Figurci (mm vsriou* sdutocs refer to nvrtmfiDliun arat not poUdoil cities. 
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and social activities. Each city exists because it performs one or more 
of I he urban functions for a wide extent of territory. The hinterland 
(of a port) or the itmlaad (of an inland city) are the service areas for 
which the urban center performs these functions, A small town may 
bear a simple relation to the territory it serves, but the larger cities in 
many cases serve territories which overlap those sciv'ed by other large 
cities. This complexity of hinterland and umland Is especially great in 
W'e.stcrn Europe and North America where large centers compete with 
each other for the service of the surrounding country. The principle 
of the primate city, which was set forth in the chapter on Group IV, 
states that because the best goods, the largest focus of purchasing power, 
and dte best talents usually find one outstanding urban center in which 
to concentrate, this one city tends to grow' much larger than any of the 
others, The territory for which cities like New York and London per¬ 
form the urban functions is essentially the whole inhabited earth. 

Some dries perform only one urban function, whereas others per¬ 
form several or all the urban functions. A uni functional commercial 
town tends to draw to itself many of the other functions, thus becoming 
f/lttrifu/ichotial as it grow'S- All the great metropolises arc of this sort. 
But there are some urban functions which are best performed in remote 
places. Outdoor recreation, for example, may be located at a particularly 
scenic spot, or a place where there are hot springs or mineral waters. 
Religious shrines are nor usually found in the commercial centers, Cer¬ 
tain industries, too, arc best located near the sources of raw materials 
rather than w-hcrc lalwr is plentiful or where there is a large market close 
by. In any case, however, an urban center, whatever its sbe, should 
be identified by its performance of an urban function, not by the fact 
that it has passed an adiitrary limit of sine. In the United States urban 
areas arc defined as those having more than 2500 inhabitants; but 
this is a definition which fits the statistical needs of the census, and 
which only approximately distinguishes urban from rural communities. 

Urban Structure. Occidental cities tend to develop certain character¬ 
istic structures. In the study of cities it is necessary to identify and map 
rite areas in which the urban functions are performed; these are known 
as the funciiotnd areas of the city. The commercial function is carried 
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on for the hinterland or umland of a city in the commercial core, com- 
monly locatL-d 'm the center of tltc urban area, or around the port. 
In North America this part of the city is usually marked by a con¬ 
centration of tall oJficc buildings. The industrial function 1 $ usually 
scattered in separate units, and in some cases it is even located on the 
outskirts of the urban area. Around these functional areas there grows 
up a matrix of residences and commercial or industrial establishments 
of only local significance—for example, retail stores which serve a 
neighborhood within the city. Although b general the various parts 
of an Occidental city tend to form m concentric pattern around the 
commercial core, the actual pattern of eacJi city, conforming as it 
docs to details of terrab and street or rail pattern, is unicjuc. Not 
only is the simple circular design in many cities destroyed by the ar¬ 
rangement of the I and forms, but the whole pattern is also adjusted to 
the skeleton of the streets, which, in many cases, had its origb before 
the growth of the city began. The arrangement of the avenues which 
converge on the commercial core and of the streets which fill m be¬ 
tween the mam highways forms the basic design of the urban scene. 
The accompanying maps (Fig, 201) illustrate some of the variety b 
the underlying structure of cities resultbg from dificrent kinds of 
street patterns. 

Regardless of these di(?ercnccs of pattern, however, the fact is that 
cities b the motlern W'orld arc tending to become more and more alike. 
Not only is this true with respect to their physical appearance but also 
(and especially) with respect to the way in which city people live and 
the problems they face. Cities cannot sun'ive if they arc cut of! from 
access to the lowest-cost sources of raw materials, or if they are restricted 
in them access to hbterland and umland. Cities thrive when there is 
regional specialization of production, for the trade which is thus stimu¬ 
lated Bows through the cities. City people who understand what gives 
them their livelihood cannot fail to support vigorously the concept im¬ 
plied by the words "'one world.” If one world emerges from the present 
chaos of conflicting worlds, it is likely to be an urban world. 

But one world does not exist today, except as a dream in the minds 
of those who can think fearlessly mto the future. Not only is Occidental 
culture divided into three separate societies but also the Ibcs of cleavage 
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between these societies seem for the momejit to be getting sharper and 
more difEcult to cross. And the whole problem of reaching one world 
is cnormotisly complicated by the continued exislcnce of great aggre¬ 
gates of economic^ political, and military power, and of great national 
sovereignties, among which no bask international law has been as yei 
widely accepfed. 


The Great Powers 

Three great powers emerged £rum World War 11. These are the 
British Commonwealth of Nations/ the United States of America, and 
the Union of Soviet SocLilisr Republics. The first two of these include 
the part of the world dominated by English-speaking people and by the 
ideas of the industrial society, which are largely English in origin. The 
third includes the part of the world dominated by the Communist 
party, and by the ideas of the soviet society, which are largely German 
and Russian in origin.* There can be no doubt that the only solution 
for the problem of national sovereignty lies in the acceptance of a world 
organization in which national sovereignty is at least in part submerged. 
Not that national loyalty and patriotism should ever be lost; but, rather, 
that this basic human attitude of group solidarity should be enllghtcnetl 
by an understanding of what is best for the survival and prosperity of 
the group. In a world of cities and industries capable, as never before, 
of producing useful things from the resources of the eanli, there is no 
place for the group that wishes to live in isolation. 

But national sovereignties still exist. No attempt to provide a geo¬ 
graphic basis for the understanding of ititxJcrn problems would be 
complete or realistic without an analysis of the signiricanee of the 
geographic structure of the major political units of the world. It is on 
the basis of these facts of w'orld distribution that we must go forward, 
whether to war and disaster or, ultimately, to world organization and 
peace. 

‘TTw term British CnmmMiwcalth e£ Nariqns, as used in ihe rqxms of the tinpcridl 
Coii/crenM tif 1W6. refers u> the self-gavcrning tainli of the Bridtii Ernjiire. Howtict, the 

term b used by snme UTiim RjTinnymaiisly with tbe ivlialc BritEsla EriipiiT, whethtr sclf- 
pnvtfrning or fujluiiLil. It h w lived in this book. 

“K S. G. Nortlirupj The Meeiing 0 / fair md New York, 1946. 
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THE BRITISH COMMONWEALTH OF NATIONS 

Area and Location. The British Commonwcakh of Nations diiftrs 
from the other great powers in that it is geographically scattered over 
the whole earth (Fig. 202). The original nucleus of the Common¬ 
wealth. Great Britain, Is very, very small compared with the vast ter¬ 
ritories in Ollier parts of the work!—the dominions and colonies and 
other twssessions which together make up the so-called Commonwealth 
of Nations. In the original nucleus of England, Scotland. Wales, and 
North IrclantI there arc about 94,000 square miles of territory; in the 
rest of tlie Commonwealth there are 12,097,000 square miles of territory. 

Population. The same fact of wide distribution is apparent in the 
population of the British Commonwealth of Nations. In the original 
nucleus there are 49,700,000 people; in the rest of the Commonwealth 

there arc 527,570,000 people—nearly a quarter of all the people in the 
world. 

Amtudes and Objectives. The people who make up the Common- 
w'calih arc ethnically and culturally diverse. Even within the original 
nucleus there arc local differences of culture and dialect whicli loyalty 
to a common king resolves only superficially. In those parts of the 
Commonwealth settled chiefly by people from Great Britain there is a 
c^tnon Jicritage of language and of itkas. Among the itieas the most 
significant arc perhaps threct (1) the right of free speech and majoritv' 
viccision; (2) the right to the private ownership of earth resources and 
tools and the right to use these for private profit; and (3} the concept 
that economic values arc produced by public demand on a free market. 
The significance of earth resources in the world of the British Common¬ 
wealth is determined by these basic attitudes. Yet more than Iialf the 
people of the Commonwealth do not wholly subscribe to these ideas, 
and in some cases do not even understand them. ' 

Resources. The natural resources of the earth have been widely de¬ 
veloped by British capital. DuHng the period of the expansion of the 
Empire the people from Great Brit-ain showed uncanny judgment 
regarding the parts of the world likely to yield the richest rewards The 
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regions of Group IV and Group V outside Europe, generally neglected 
by the other European colonizing nations, were eagerly occupied and 
developed by the British. Argentina almost became a British dominion, 
and until recently the domination of that country by British capital was 
such that its economy was closely tied to that of Great Britain. The 
British Empire also extended to those other parts of the world where 
the Lnvesmtent of private capital, without much actual settlement, could 
bring large returns: as in India, Hong Kong, or the tropical islands 
and coasts w-hcre valuable tropical agricultural prrxlucts could be raised 
by die plantation system. In every case, however, the currents of trade 
which w’ere developed were enormously to the benefit of the people of 
Great Britain and to a much lesser extent, if at all, to the people of the 
colonics. Serious problems of population pressure have developed in 
such places as India, Egypt, and the West Indies; but meanwhile no 
part of the world enjoyed such spectacular economic development as 
did the industrial and commercial cities of Great Britain. London 
became the primate city not of Great Britain alone, but of the whole 
far-flung Commonw'eahh. 

Within the territories of the British Commonwealth are protluced 
many of the more important raw materials, both mineral and agri¬ 
cultural, but there arc certain key items which arc lacking. In coal, 
iron, the hardeners of steel, and tin, the Commonwealth is well off; 
but it is poorly off in oil, and for this material it must depend on the 
exploitation of oil in foreign lands such as Iraq and Venezuela, In 
foods and other agricultural materials the Commonw-ealth is well off, 
cspetially because of the variety of climates in w-hich its w-idely spread 
territory is found. It is an old saying that the sun never sets on the 
British wheat crop; in every month of the year wheat is ripening some- 
w'hcTC in the world for the supply of the urban pjpulation of Great 
Britain. Of special importance arc the British possessions on the Malay 
Peninsula, one of the principal sources of tin and rubber in the world. 

Productive Capacity. During the nineteenth<enmry development 
of the Britisli Empire, all these varicxi resources in differatt parts of the 
world were discovered, developed, and exploited by British capital. As 
a result the general level of industrial producii on increased enormously 
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in the original nuckus of Great Britain. British manufacturing indus¬ 
tries trebled their output between 1860 and 1910. Raw materials were 
brought to Great Britain in British ships; and the manufactured prod¬ 
ucts were sent to distant oversea markets. London became the financial 
center of the world, providing the capital for lite development of 
commercially profitable enterprises in every continent. 

But in the course of time other commercially advanced parts of the 
world felt the desire to build their own industries. The United States 
rose as Britain s major competitor, and during the period when British 
industrial capacity was increasing three times, American industrial 
capacity increased twelve times. Also, the British dominions began to 
recognise the desirability of building their own industrial structures 
instead of simply supplying raw' materials to the home country. Even 
Argentina arose to declare its independence of Britain’s factories. In 
two world w'ars the British productive capacity has been decreased, not 
only relative to the rest of the world but also as compared with prewar 
capacity. In coal production British output in 1900 was 225,000,000 
tons; in 1930 it was 244,000,000 tons; but in 1946 it was only 192,000,000 
tons. Coal is a vital element in the British economy because, along 
witli manufactured goods, it provides the exports to pay for the imports 
of food and industrial raiv materials. During World War II it is esti¬ 
mated that the national wealth of Britain was decreased by about 25 
per cent. After the war the wliole British Commonwealth was pro¬ 
ducing 18.82 per cent of the w'orld’s income. Great Britain was 
producing 10.50 per cent, and the remaiiuler was being produced in 
other parts of the Commonwealth. The decrease in coal production 
was threatening the whole structure of the British economy; for the 
first time in many years Great Britain was facing a peacetime shortage 
of food. 

Strategic Posirion. In terms of modern strategy the British G>m- 
monwealth has become highly vulnerable. Tlie wide distribution of Us 
parts, which is a source of strength in a peaceful svorld, becomes a 
source of danger in a world at war. As long as the British navy re¬ 
mained unchallenged on the sea. Great Britain could maintain its con¬ 
nections with the sources of raw materials from all over the world. The 
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British life line, protected by Gibraltar, Malta, Cyprus, Suez, Aden, 
Ceylon, ajid Singapore, was impregnable. But with land-basiid air 
power threatening not only the life line but the giant industrial nucleus 
itself, the whole strategic situation is changed. Although the figures for 
the Commonwealth as 3 whole arc impressive, each of the parts—and 
now even the original nucleus—is no longer in a position to defend 
itself alone. 

The British Commonwealth of Nations, shaken by the destruction 
of World War LI, stands today in a precarious position, its future Ob' 
viotisly tied to a solution of tlie problems of international organization. 
This ongmal nucleus of the industrial society, perhaps the industrial 
society itself, cannot long survive a divided and conflicting world. 

THE UNITED STATES OF AMERICA 

Area and Location. The United States differs notably from tbc 
British Commonwealth in that it is chiefly concentrated in one com¬ 
pact territory {Fig. 203). In continental United States there are about 
3,022,000 square miles of area; in possessions of the Unltcti States, in¬ 
cluding Alaska, Puerto Rico, and other outlying pans, there is a total 
of only 597,200 square miles. For this reason alone the attitudes of the 
American people toward questions of foreign relations must inevitably 
differ from those of the British. 

Population. Most of the population of the United States is concern 
trated in the continental area. In the forty-eight states the population 
estimated for 1946 was 142,655,000; the population outside of this area 
in the same year was 2,fl70.000, and of this number 2,155,000 were in 
densely crowded Puerto Rico. 

Attitudes and Objectives. The ethnic and cultural make-up of the 
United States Is much more nearly uniform than that of the British 
Commonwealth. From the British the people of the United States have 
inherited the same three basic ideas of the industrial society, with the 
result that for Iwth powers the resources and opportunities of the land 
have the same meaning. But the United States is nor without its 
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minority groups wJilch tlilfcr ethnically and culturally. Negro and 
Latin groups, as well as immigrant groups from Europe and Asia, pro¬ 
vide serious minority problems not only in the outlving areas but 
throughout continental United States ‘as well. A considerable propor¬ 
tion of the population in the United States does not wholly subscribe 
to the three basic ideas, nor are these ideas wholly applicable to them. 
The proportion of such people, while less than in the case of the British 
Commonwealth, is of more serious concern to the United States because 
It involves the nuclear area and not just the outlying parts. 

Resources. As we have pointed out in the several chapters of this 
b^k, few, if any, parts of the world arc so richly endowed with the 
kinds of resources and laitds needed by the people of an industrial 
society as is the United States, Not only was the territory of continental 
United States remarkably well supplied with basic raw materials, but 
the American people were able to create an extraordinary amount of 
wealtli by the unearned increment resulting from the process of settle¬ 
ment, for the land was essentially unoccupied in advance. As settlement 
progressed across the country, the industrial heart of the Uniteit States 
developed in the northeast, in a highly urbanized area extending from 
Boston to Washington along the coast, and inland to St. Louis, Chicago, 
and Minncapolis-Si. Paul. The primate city of the United States, New 
York, has become the largest city in the world. 

Within the territory of continental United States arc produced many 
of the more important raw materials, both mineral and agricultural 
but there arc certain key items which are lacking. No country in rhJ 
world has such a large proportion of the world's coal reserve as has the 
United States. To be sure, its enormous iron ore deposits are nearing 
exhaustion, but other large reserves arc available w'ithin the Western 
Hemisphere. The United States is well off in oil; but it is dependent 
on foreign source for the hardeners of steel, for tin, and for a number 
of other essential industrial raw materials. No other part of the world, 
e-xcept the Argentine Humid Pampa, includes land so highly suitable' 
for the production of grain and meat. The Corn Belt of the United 
States h uncqualcd in the whole world for the sustained yields of its 
rich soils anil for the large area of its high-grade lands. Yet because of 
4SH 


THE 1NDUSTRI.\L SOClETTi' 

the position of the national territory of the United States on the climatic 
pattern of die world (Fig. 51), only a minute part of its area is suitable 
for the raising of tropical crops such as rubber. For these things, also, 
it is dependent on foreign sources- To supply the missing raw materials 
or the materials which may be exhausted in the predictable future, the 
United States must reach out to Braril for iron; to Malaya for tin and 
rubber; to the Middle East for oil so that it can utilize its own reserve 
at home; and to other parts of the world for raw materials of small 
total bulk and value, but of essential importance in industry. 

Productive Capacity. Even before Workl War II, the United States 
was the most productive country in the world, and its people enjoyed 
the highest standard of living of any large nation. With the produc- 
tivity of much of Europe destroyed or decreased by the war, the pro¬ 
portion of the world's total income produced in the United States has 
increased to almost SO per cent. In 1946, while Great Britain was pro¬ 
ducing 192,000,000 tons of coal, the United States produced 520,000,000 
tons; while Great Britain was producing 7,300,000 tons of iron, the 
United States produced 41,000,000 tons. Because of the renovation of 
manufacturing equipment during World War 11, the productive capac¬ 
ity of the United States, unlike that of Great Britain, was greatly in- 
creasetl. The productivity of labor in terms of output per man-hour 
gained approximately 20 per cent. In the postwar world there is great 
need for the products of industry: need not only in parts of the world 
actually devastated by war but also in the many substandard areas of 
the United States itself. However, a large proportion of mankind is 
too poor to pay the cost. The solution of this dilemma involves much 
more than the profits of the owners of capital: it Involves inevitably 
the very survival of the free bstitutions of the industrial society. 

Strategic Poridon. The United States is not so vulnerable as is the 
British Commonwealth. It has tlie advantage of a vast area which 
would make aaual mvasion difficult and costly. And even in the age 
of air power and atomic weapons, no conflict can be concluded until 
the territory of the defeated country is occupied by the victorious army. 
But air power and atomic weapons have greatly changed the signifi- 
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cancc of the geographic position of the United States. Because the 
productive heart of America Is concentrated in great urban centers in 
Jc northeast, it is peculiarly exposed to attach and serious damage 
The prot^ntm afforded by wide expanses of ocean under :iie effeaive 
consol of a friendly power can no longer be counted on to preserve 
the United States from immediate contact with the destructive force of 
mexJern warfare. 

The MiluJe of the people of die United Sates on questions of for- 
eign Htey was shaken by World War II. There was a sudden aware- 

ness that the country could not hope to exist in isolation. The principle 
that an mdu-stnal society cannot exist in isolation even in times of 
F4CC IS still not widely understood; but people now realize that in 
time of war they are no longer invulnerable. Many Americans, look¬ 
ing at the geographic relations across the polar regions for the first 
time, arc beginning to think in terms of a round earth, not of an earth 
made up of separate continental islands. The United States possesses 
enormous power, basically because of its geographic position, its wealth 
Its prokluc.ive capacity, it-S command of potential resource.^, and the 
technical genius of its people. Rut cau this power be used so wisely 
and m accordance with such high moral principles that this countr; 
«n lead the way to world peace and to a new world order? In the 
j^cncan system of free institutions anti popular government, this 
leadership can depend not on the rise of one great st.itesman. but only 
on the mtclhgent and mbrmed currents of public opinion in which 
everyone has a share of the responsibility, 

THE UNION OF SO\'lET SOCIALIST REPUBLICS 

Attn anti Location. The Union of Sotici Socialist Republics differs 
front the other great powers in that all of its territory nakes up one 

connnuoosgMgraphtcatea (Fig. 201 ,. There an: 8500,0x square miles 

trf &v,et temtoty, and an indefinite number of additional Juan: JiS 
of tlomtnated temtoty m eastern Europe and northern Chin”; but ,he“ 
^e no ^etse. f^ntssions. Furthermore, this great expanse of landtL 
a far her to north than doe, the territoty of the United StaT" 
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dry bnd$. and mostly outside the regions of Group IV (Fig. 51). 
Moreover, most of its coasts arc frozen and inaccessible in winter, except 
for those along the Black Sea. 

Population. The population of the Soviet Union in 1916 was about 
193.215,000, or approximately the same as the combined populations of 
Great Britain and continental United States. But because of the rela¬ 
tively large proportion of young people in the Soviet population it is 
estimated that by 1955 its numbers will have reached 210,000,000, 
whereas the Uniteil States and Great Britain will have 152,000,000 and 
50,700,000 respectively. By 1970 the population of the Soviet Union 
will be much greater than that of the other great powers combined. 

Attitudes and Objectives. The people who make up the Soviet Union 
are etlmically and culrurally diverse, Abour 58 per tent of the total arc 
Russians. Ukrainians make up another 16 per cent. The remaining 
percentage is made up of many different ethnic and culture groups. In 
the revolutions of 1917 and 1918 an essentially pre-industrial society 
was abruptly brought under the control of the Communist system, and 
the soviet society, based on the ideas of Karl Marx, was brought into 
licing. With respect to the three basic ideas of the inilusirial society, 
the soviet society thinks along entirely different lities: (1) free speech 
and majority decisions can be enjoyed only by those who accept the 
basic premises of Communism, and dissident elements within and out¬ 
side the country' arc to be removed not by persuasion, but by whatever 
means seem most expedient; (2) the ownership of earth resiiurces and 
the tools of production rests with the gmernment, whicii acts for the 
jicopic but is not of them or by them; (5) economic values are deter¬ 
mined not by demand on an open market, but by the proportion of the 
total .socially necessary lalsor which was ilevotcd to the production of 
the particular commodity. Obviously, for people whose basic habits of 
thought are so different as are those of the soviet society and those of 
the industrial society, words do not have the same meanings, and the 
elements of the physical land do not have the same significance. 

Resources. What are resources, then ? Cenainlv not something that 
fof individual profit. The only cost accounting must 
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be m rerras of work expended; there is no reason to suppose that, be¬ 
cause it would be uneconomic for people of the industrial society to 
develop certain mining activities, or to plant certain kinds of crops, or 
to build industries in certain locations, it would also be uneconomic in 
the soviet society. The attempt to understand the operation of the soviet 
economy must therefore be about as difEcult for us as it would be for a 
Russian to understand the operation of a capitalist economy. 

Even w'ith this difficulty of understanding, however, it is possible lo 
say of the Soviet Union that within its territory arc produced many of 
the more important ravir materials, both mineral and agricultural, but 
that there arc certain hey items which arc lacking. The Soviet Union 
possesses sufficient coal for its needs, even if the reserves arc not so 
impressive as arc those of North America. It also possesses large 
supplies of iron ore and of two of the hardeners of steel—^manganese 
and chromium. It is well off in oil, but with proved reserves which 
seem to be less than those of the United States. In the black^arth belt 
exieiuling from the Ukraine into southwestern Siberia the Soviet Union 
possesses agricultural lands of great productivity, but subject, more than 
those of North America, to the shortness of the growing season, There 
arc, however, key minerals and key agricultural products which the 
Soviet Union lacks. It has no rubber, no tin, no tungsten, and by no 
means enough of the things which muse be grown in the warmer parts 
of the earth, such as cotton. If the Soviet Union desires to build modern 
industrial plants and to use these plants for the kinds of goods neetled 
by the people, it must also gain access to the sources of raw materials 'm 
other parts of the earth. Even in a soviet society the technical needs of 
industry are such that they can be supplied only from the whole world. 

Productive Capacity. Building on the miserable productive capacity 
of Czarist Russia, the government of the Soviet Union has accomplished 
marvels of economic growth. To be sure, a large part of the productive 
capacity of the pre-war Soviet Union was destroyed by the German 
invasion, but this is being rapidly improvised again by machinery taken 
in reparations from defeated European countries and from Manchuria. 
Soviet heavy industry is being rebuilt in the Donetz Basin, north of the 
Sea of Azov, where the great Ukrainian reserves of coal, iron, and 
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manganese can most eifectively be brought together, and tvliere abun¬ 
dant hydroelectric power can be supplied from the big dam on the 
Dnepr River, Yet, in spite of very great effort on the part of the people, 
the proportion of the total world's Income produced in the Soviet Union 
is small—only 6 per cent. 

Strategic Position. In many ways the strategic position of the Soviet 
Union resembles that of the United States. The invulnerability given 
by vast area has been demonstrated a number of times, notably by both 
Napoleon and Hitler, Vet the airplane has reduced the significance of 
this invulnerability, just as it has in the case of the United States. The 
productive heart of the Soviet Union lies fairly close to the southern 
border—to Turkey, Iraq, and Iran. Therefore, quite aside from the oil 
resources of these countries, the Soviet Union would like to control 
them for security reasons. But there is still another reason: the Soviet 
Union has inherited from C^arist Russia the frustrated desire for a 
warm-water port, for W'itliout such a base no naval power could be 
maintained. Relatively invulnerable as the Soviet territory may be from 
the point of view of invasion, it is also, for this very reason, difficult to 
emerge from the national territory. Only by the conquest of western 
Europe, China, or the Middle East can the Soviet Union reach icc-free 
water, in so far as the Soviet Union hopes to remedy its difficulties by 
physical conquest, the quest for access to the ocean must remain a major 
interest. 


The World's Population 

While the great powers face one another across national boundaries, 
the arrangement of earth resources and of population in the world as 
a whole bears scant relation to the political areas into which the world 
is divided. The inescapable gct^raphic fact, on which all plans for the 
solution of the world s problems must rest, is the uneven distribution 
of resources and peoples. 

The Measuretnent of Population Density, The issues involved in 
population problems arc often obscured by rhe common custom of 
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measuring jxipulation density with reference to political areas. Entirely 
erroneous conclusions can be reached from the comparisons of density 
per square mile for such large areas as the Soviet Union, the United 
States, or Australia. In the last-named country, where a very large 
proportion of the land is too arid to support any considerable number 
of settlers, the over-all bgurcs give no real understanding of the facts 
of population density in the settled areas. 

A much more significant figure can be found by measuring the 
population against the number of square miles which can be used for 
crops or pasture. The following table presents these figures for the 
United States, Great Britain, and the Soviet Union. 


PoptilittiQn 

Unmd 

Gre^i Bnrain 

Sof^rt Uniart 

Density per square mile of local area 


529.3 

22.7 

Density per square mile af iuable and 




pasture land 

109.9 

65S.I 1 

64.4 


In discussing the population density of any country, it is therefore 
necessary to distinguish between the total national territory, or the total 
area within the political boundaries, and the elective national territory, 
or that portion of the total political area which U actually used for the 
support of the people. Only in the case of small countries whicli arc 
wholly utilized arc these two figures the same. 

Still more meaningful figures can be derived from a more careful 
and precise study of the relation of people to the land. For even within 
the effective national territory there arc great differences in the forms 
of land use. and the density should be measured in relation to the area 
occupied by each form of use. Only in this manner can any real under¬ 
standing of the population problems he gained. This, however, requires 
detailed geographical field studies which, for many parts of the world, 
are not available. 

Papulation Pressure, What is population pressure? What popula¬ 
tion density marks the beginning of "overpopulation”? From the 
surs'ey of various parts of the world we understand that population 
pressure is an exceedingly complex phenomenon which cannot be 
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measured simply in tcrins of density. It can be presumed that popular 
tion pressure begins when any considerable proportion of the inhabit¬ 
ants find titemscives unable to achieve a minimum standard of living. 
What that minimum standard is depends on the attitudes, objectives, 
and tcchnica] abilities of the people. There arc certain parts of the 
world—for example, parts of California for the maizc-caring Indians— 
which suffered from population pressure when the number of people 
per square mile was very low. Population pressure began for the 
Eskimos when Europeans introduced the rifle into their nicely balanced 
hunting economy. In the industrial society population pressure begins 
in the densely crowded cities when there arc large numbers of chroni¬ 
cally unemployed people. The solution must be found in one of three 
ways: (1) by widespread famines and epidemics which reduce the 
population; (2) by emigration, which in countries with high birth rates 
has no permanent effect; or (3) by changing the attitudes, objectives, 
and teclmical abilities of the inhabitants. 

Urbanization and Rates of Growth. The population pattern of the 
world is not a static thing. The present-day map is one in a series which 
comes to us out of the past centuries and can be projected on into the 
future. Tile present areas of great concentration are relatively recent 
in world history, and they could be considerably changed in the 
centuries to come. 

We have seen that as each region or country changes from a society 
characterized as predominantly rural to one which is predominantly 
urban 3 clearly marked succession of events takes place. At first the 
birth rate is high, and so also is the death rate. With urbanization and 
the development of manufacturing industries, the death rates decline; 
and since birth rates remain high the net result is a very great increase 
in the total population. But even when death rates arc continuously 
lowered by modern medicine and by better diet, the birth rates also are 
lowered until population growth gradually levels off. Eventually the 
jwpulation becomes almost static, but at a greatly increasei.1 level of 
density. This demographic cycle has been completed in most parts of 
western Europe, ami its conclusion in the United States lies within the 
predictable future. It is just starting in the Soviet Union; and its 
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.irrival among the alreaily densely populated Oriental countries is 
awaited with concern. 

At the present time the fastest-growing region of the world is Ladn 
America. E>uring the twenty years from 1920 to 1940 the total popula¬ 
tion of Latin America increased about 41 per cent; in the same period 
the population of the United States increased only 23 per cent. Al¬ 
though there are signs that this rate of growth will decrease after 1970, 
it seems likely that by the year 2000 Latin America will be occupied 
by at least 300,000,000 people; whereas the predicted population of the 
United States at that time lies between 130,000,000 and 200,000,000. 

Certain parts of Latin America arc rapidly becoming urbanized. In 
Argentina, for example, 40 per cent of the inhabitants live in cities of 
25,000 or over, which is the same proportion as in the United States. 
The industrial society is developing rapidly in Argentina, in Sao Paulo 
State in Bra 2 ii. and in parts of Mexico. In these urban centers the rapid 
increase of population is due to migration from the rural areas to the 
cities; already birth rates in the cities arc notably lower than those of 
the rural areas. 

Migration. The population of the world in past centuries has been 
rearranged by migrations. The concentration of such large jiumbers of 
people in the Group IV regions of western Europe was the result of 
migrations from both the centers of earlier civilizations in the warmer 
parts of the world and also from the grassland regions of the interior 
of Eurasia. The movement of Europeans to other continents, espe¬ 
cially to the Americas, was a major event in the long history of m.in- 
kind. The enforced movement of Negroes from Africa to the Americas 
created serious problems of race relations that have yet to be sol veil. 
The migration of the Chinese into Manchuria involved many millions 
of human beings. In the great majority of cases the migrants were 
seeking better economic opportunities. 

The movement of people into the United States during the nine¬ 
teenth and early twentieth centuries resulted in die most rapid growth 
in total population ever achicvcti by any large part of the world. In 
1775 there were only 2,5(X),000 people in the colonics; and to the west 
the whole expanse of the continent as far as the Pacific Ocean was 
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only very thinly occupied by Indians, fur trappers^ and Spanish cattle 
ranchers. The westward movement of the frontier across first-class 
lands, accompanied by the extension of the railroads and by the growth 
of Industries in the eastern cities, created not only great wealth in the 
form of increasing values of property but also that characterisdc Amer¬ 
ican attitude of optimism in the face of apparently insuperable obstacles. 
The arrival of millions of immigrants from £urope supported and 
maintained this movement. They came to America because it was a 
land of opportunity; and because they came, It was a land of oppor¬ 
tunity. But many Americans naively assume today that nothing but 
laziness, softness, or weakness of purpose keeps a similar migration 
from creating similar values in other parts of tlic w'orld which arc still 
relatively empty. 

The fact is that changes in technology since the early years of this 
century have greatly altered man’s relation to the land. There is still 
need for a larger production of the basic necessities of life from the 
farm, die mine, and the quarry. But new technology makes possible the 
low-cost production of these things through the use of machinery. On 
the farms, fewer farmers could raise more wheat for the world at lower 
cost; but motlcrn mechanized farms require large capital investment 
at the same time that they need fewer man-hours of labor to operate 
them. The day when there yras great economic opportunity for the 
small farmer on the agricultural frontier has gone. At present the 
greatest economic opportunity is in the cities^ and it is to the cities^ all 
over the worldj that people would migrate if they were given the 
chance. 

The Basic Problem. And so we return to the basic problem of man 
on the earth. We find that the distribution of people is the result of 
complex forces operating in societies whose basic values are in process 
of change. We can interpret the significance of the elements of the 
land when we understand the attitudes, objectives, and technical abili- 
ties of the people; but predictions in a period of rapidly changing cul¬ 
ture are especially difficult. It is essential to avoid the assumption that 
changes will not continue. 

Arc the resources of the earth sufficient to support the growing 
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number of people in the world? No clear-cut answer can be given for 
an equation in which there arc so many unknown and unknowable 
factors. Can unrestricted private enterprise, developing the new tech¬ 
nologies profitably, provide the flow of low-cost goods necessary for the 
support of some two and a half billions of people? There are manv 
who think it cannot be done. Can, the soviet society find the way to 
utilize effectively the technologies discovered and invented by science 
and engineering? There are many who think that this is not the way 
out. The problem does not seem quite so incredibly difficult if we 
consider the plans for the next few decades within the region or even 
the coiuintmity. But plans which arc drawn up on the theory that the 
region or community can exist in isolation will prove faulty, The 
existence anywhere in the world of large numbers of impoverished 
people w ill tend to lower the standard of living in all other parts of the 
wrorld. Modern technology, which gives the opportunity to produce 
useful things from earth resources at rates never before imagined, also 
brings all the world’s people closer together than ever before. Ulti¬ 
mately the solutions which are found to be workable will be in har¬ 
mony with tlic uneven distribution of the W'orld's resources, and tJiey 
will be for the benefit of all the w'orld's people. 
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By Hibberd V. B. K.line, Jr. 

1. The word "cartography" by its derivation means the making or 
drawing of maps or cliarts. To the geographer it is the content of maps 
that is significant. The full and accurate understanding uf content 
must, however, be based on sound knowledge of the advantages and 
limitations inherent in cartography. These are related to the basic 
considerations of space and distance, to map "projections’* which pre¬ 
sent the spherical form of the earth on a two-dimensional surface, and 
to symbols which stand for facts and ideas. 

2. The Map as a Tool for Analysis and for Synthesis, Tlie carlo* 
graphical ntethoil serves the geographer as a tool or instrument for 
analysis. On the map he can record any pJienomena, physical or cul¬ 
tural, which arc observed on the face of the earth. It must be remem¬ 
bered that the framework upon which these facts and inferences arc 
plotted is that of the earth, or a pan of the earth, itself. The geographer 
may tlerive his data from original observation in the "field,” which in a 
sense is bis laboratory, or from secondary sources. No matter what the 
deris'adon, he plots his information on the map. It is thus reduced to 
comprcJiensiblc size and concreteness. Tlie cartographical method also 
serves the geographer as a means of synthesis and generalization. By 
use of the map he may combine two or more phenomena for study, or 
present their relationships to each other. The map is a method of sum¬ 
ming up spatial pJtcnomena tJiat have two or three dimensions. The 
geographer, whose interests are in the significance of differences from 
place to place, therefore finds the map to be both a means and an end 
in his field of study, 

/, Basic Rcquireineiits of a Map 

3. Direction. We may consider the map to be a representation of the 
e.irLh itself or of selected items that have areal distribution over the 
earth. To be more than a diagram or picnirc. a map must show meas- 
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iiremcnt of distances, and position or direction with reference to the 
points of the compass. Direction may be represented in severai ways, 
all of which are based upon a convention commonly accepted by all the 
nations of the world today. That is, direction is ^ven with reference 
to an Imaginary grid related to tlic axis of rotation of the earth. This 
grid of latitude and longitude ^ves the four cardinal directions of 
N, E. S. and W. and permits direction from any given place to be 
considered in terms of arcs of a circle, according to any of the sptems 
for dividing a circle. Direction, then, becomes a matter of stating bow 
a line tJrawn on the face of the earth trends with relation to the grid of 
the earth or to a circle drawn around some point on that line. Direction 
in a circle is measured in terms of an arc, or azimuth.’ 

The instrument most commonly used to determine direction is the 
compass. Since the magnetic compass conforms to the magnetic lines 
of force of the earth s held, which is not in perfect correspondence with 
the axis of rotation of the earth, a correction must be applied in most 
places to convert magnetic readings to azimuths, or to bearings. 


4. Scale. Distance is based more simply on a direct comparison 
between linear measurements on the earth and on the map. A map 
that is the same size as the portion of the earth it represents would be 
similar to a pattern used by a dressmaker or toolmaker. Maps are not 
patterns and arc therefore, without exception, smaller in size than the 
size of the corresponding segment of the earth. It is obvious that a ratio 
must exist between a linear measurement on the earth and its facsimile 
on the map. This ratio is scale. Any distance on the map is taken as 
unity, or 1. The corresponding number of units which this same dis- 
tance has on the map provides the remainder of the ratio (or the de¬ 
nominator to the numerator of I). Thus a scale of 1:10,000 is a ratio 
in which one unit on the map (in inches, centimeters, spans, pipestems 
or any other measurements) equals 10,000 of the same units on the 
earth. A scale of 1:1 would be 'pattern-size.” A scale of 1:100,000 


« .nred in decree, to ^ 

mg .t^msc froin «thcr th. r..rth ihc (xiinr. Barings sre in 
(quarlw wefe). uiing *= rarcit tncf!di,nal and the dircedan from iL Fnr «- 
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is ten rimes smaiicr than 1:10,(>00 because the unit on I he map 
Stands for lU tLmes as many units on the ground. Scale may be 
written as a fraction (l/10j(XlO)j sometimes designated as R.F- or repK 
resenlatiVC fraction. Scale also may be eimpressed in words that traniS- 
late the ratio of lite units into other equivalents. For example^ a 
scale of one inch to one mile has a ratio of 1:63,360 (viz, 5280 feel 
in one mile X 12 Inches in one foot =63360 inches in one mile). 
Therefore^ if one unit is one inch in the numerator, the 63360 units 
in the denominator equal one mile. Scale may be expressetl also as 
a line Jrawm on the map and divided into distances representing the 
distances on the earth. This is an appropriate convention because 
it makes measuremcni poissible by direct comparison with the sub¬ 
divided line. 

It must be emphasized diat scale h a linear comparison between 
map and earth. The greater the disparity between these tw^o measure¬ 
ments the smaller is the scale. This may be readily appreciated and 
remembered by recalling that i is larger than and thus 1:10,000 is 
larger than IdOOJXX)^ Areal comparisons between scales, in accordance 
with the principles of geomerryp are in terms of the squares of ditir 
linear measurements. Thus;, in the last example alxsve, the linear dif¬ 
ference is 10 times but the areal difference k 100 times, since area im¬ 
plies the naeasurement of two directions at right angles to each other. 

5. Posiriou. The third attribute that makes a map, that of position, 
is a consequence of distance and direction, and it is often expressed in 
terms of the other two (so far in such a direction from a knowm 
point)* Absolute position may be stated as an intersection of ihc geo- 
graphical griil lines in terms of latitude and longitude’; for example^ 
Washington National Observ^atory 38^55' N*, 77^04^ W. Other systems 

U^itjtilde in die di^uince north iw aouth of the equator expressed in degrees ^rdm (P 
at the cqij:iinr Eo at cadi pale. Lines nieasunng I^Eiiudc extend cast and west around 
the eifdi parallel to and Snclnding the equaEnr. These (ines^ iliere/orc, arc '’parallels of 
latitude.” Longirude is ihc measurement of Jucmee east, and west on the earth. Since no 
ab\'iotis starting paint for such rncoiurenteiit exliu, an arbitrary line must be selecied. 
Many such "prime meridians'' have existed, but tocky the meridtan of Greenwicb, Eng¬ 
land* is emtuiionly accepted as xero. The north and south "meridians'' marking the iu- 
icrvals of longitude are numbered from the prime mendian w'estw':ard to ISO® and cast- 
ward to lo eomplele the drcumfeaeriee ^ the nrth. 
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of i:<M)rdinattrs may be used, such ai the tosvn and range systems of the 
U. S. I^d Survey (see Fig, 116); the arbitrary co-ordinates of a mili- 
tary grid; and the network lines on an atlas page, 

A map, then, is a representation of the surface of the earth, or some 
portion of it, in which directions, distance, and position are shown as 
truly as possible, or with sufficient accuracy for the purposes of the 
represenution. That perfect representation from a mathematical point 
of view is impossible will be demonstrated subsequently, 

//, Measurements for Mapping 

6, Base-Line and Triangula don, .Maps have their origin in the meas¬ 
urement of the earth. Since most maps either arc concerned with the 
land and water bodies of the earth, or relate their subject matter to this 
dtsrnbuuon, It is apparent that this primary distribution must be deter¬ 
mined, The precise determination is kncrwTi as surveying. The basic 
concepts of surveying are simple, although the exact methods and 
apphcatjons may be exceedingly complex. Sun-eying is based on 
strmght hues. A straight line is most easy to sight along, to measure, 
and m draw. Therefore, direction (Imc-^hsight) and distance (along 
the line) may be simulated by a proportionately smaller straight line 
drawn upon a piece of paper or map. Tile place where two or more 
straight lines Intersect is a fixed position, which also may l>c ploircd 
upon the map. ^ 

Surv^^ing, tjr sighting along straight lines, takes two fundamental 
forms. The first is the traverse, in which, starting from a known posi- 
tion, the dircGtioii and the dj$ianccr is measured along each of a sucecs- 
sion of straight lines. Points of positions not on these lines may then 
be related to this framework by atiditional straight lines dmwm and 
measured to them. The second method is iriaagtilation. In this method 
the measurement of angles takes the place of the measurement of lines. 
«ccpt t^t at the beginning a hase-iine must be measured carefully. 
Triangulanon makes use of the triatigle, or three-sided geometrical 
figure. Given the measurements of the angles of a triangle and the 
length of one side, the lengths of other sides can be determined by the 
simple trigonometry to which virtually every school child in the Oed- 
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dental culture is exposed. Thus triangulation is the building of triangles 
in which the directions of the sides are known and the distances arc 
computed after measuring the angles between sides. It has an advan¬ 
tage over the traverse in that many observations can be made from one 
point and in that the tedious and exacting measurement of lines is 
avoided, save for the necessary base-line. This method, like the traverse, 
supplies a framework of known lines and positions to which other 
detail can be added by further sighting and racasurGment. 

Complexities are added to riicsc simple methods by tlie fact that 
instruments are not perfect and man is not infallible; by the irregularly 
oblate spheroidal shape of the earth, which introduces problems of 
spherical trigonometry; by the influences of gravity and magnerism, 
which differ from place to place; by the presence of vegetation, atmos¬ 
pheric refraction, and other handicaps to observation; and by the 
irregularities in altitude and slope that occur on the surface of the earth. 

7. Elevation. The measurement and mapping of the surface irregu¬ 
larities of the earth rctjuirc that some point be chosen to which to relate 
places of higher, lower, or equal elevation. This point is most often the 
ocean at some asjKct of its level (as "mean sea level" or "lower low 
water"), and the point is transformed into a geometrical figure of area 
to become the "datum plane.” Since the distance from the center of 
the earth to the surface of any ocean is affected by gravitational didcr- 
cnees from place to place, and since all of the oceans have differing 
"levels," the altitudes obtained from different datum planes arc not 
directly comparable. 

Elevation wdth reference to the datum plane is measured by a pro¬ 
cedure called "leveling.” Leveling consists of determining the altitude 
of points the horizontal position of which is known by surveying. The 
methoil is to measure the distance between points and their differences 
in vertical angle from each other. This may be done with a number 
of different instruments for measurmg these two elements. In the 
United States the telescopic alidade and the leveling rod arc commonly 
employetl. The former is focused on the latter. The number of marked 
interv als on the rod intersectetl by the cross hairs in the lens of the 
telescope gives the distance. The angle of the mstrument focused on 
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the rod is given by a measuring arc in terms of degrees of elevation or 
depression from the horizotitaJ. The two figures entered into a table 
give the difference in elevation between the known position and the 
new position. The map representation of differences in elevation and 
the form of the surface require the use of symbols. 

8 , The techniques of surveying and of leveling have been modified 
and supplemented, but not supplanted, by photography—both terres- 
tnal and aerial It is possible to take pictures of the land surface and 
from those pictures to construct the horizontal and vertical measure¬ 
ments of a portion of the earth. However, photographs alone will not 
suffice, for they must be related to positions established by work on the 
ground. This use of suneying and of leveling establishes "control 
points” by which the pictures can be oriented and be corrected for the 
irregularities of scale and other errors inherent in pictures. Aerial 
photography, in particular, has captured the imagination because of the 
rapidity, precision, and relatively low cose with which work may be 
done. The quality of aerial surveying, however, can be no better than 
the control upon which it is based. 


///. Map Projections 


9. The Properties of Map Projections. Reduction of measurements 
made on the face of the earth to scale representations on the map is a 
simple procedure provided that only a few square miles of the land 
surface are Involved. Areas of greater extent are more complex bc^ 
cause ihe curvamre of the earth’s surface and the flat plane of the sur¬ 
face of the map are different geometric forms. The whole earth, or 
any major segment of it, cannot be simulated to scale except by a globe 
or a part of a globe, any more than a ball or other round object can be 
flattened without distortion. By acknowledging and understanding this 
distortion, the earth spheroid can be represented on a plane surface 
This is tht map prof^cfwn^ b which the geographical grid (latitude 
and longitude luies) of the earth is systematically arranged on a plane 
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surface in order [o achieve some desired qualities or properties. The 
properties that may be obtained arc: 

ti. Conformality (orthomorphism), in which shapes of limited areas 
on the earth arc truly represented on the map. This quality results from 
right-angle interscctioti of meridians and parallels oiv the map (as they 
arc on the earth) and the same scale along these lines (not necessarily 
the true scale) at the intersection. Obviously this quality cannot be 
applied to a large area, but ingenious appro:ci mat ions arc possible. 

k Equivalence (equal-area), in wliich the ratio between any area on 
the earth and the corresponding area on the map is constant. This 
quality is (Stained by adjusting die spacing of parallels and meridians 
so that the area enclosed by any quadrilateral composed of these lines 
is of the same size proportionally to the similar area on the earth, as is 
any other quadrilateral. Equivalence applies to the whole map. al¬ 
though shapes must be distorted on any equal-area map in order to 
keep areas in the same proportion to the earth everywhere. 

f. In conjunction with either of the above properties, another quality 
known as azinutthai (or zenithal) may be obtained. Azimuthal pro¬ 
jections arc those in which direction is truly represented from the center 
of the projection, 

</. Some projections fail to possess any of the above properties, but 
are compromises which sacrifice exactness in order to attain the ap¬ 
proximate appearance of the earth, or part of it. 

The variety of map projections that it is possible to construct is 
almost infinite. However, a limited number of projections arc com¬ 
monly used. The following pages are devoted to those which are 
commonly encountered, although two pure, but extreme, perspective 
forms of little actual significance arc used to introduce some of the 
principles Involved, 

10 . Cylindrical Perspective Projections, The basic concept of the 
"perspective” projection is that the geometrical figure upon which 
the geographical grid is "projected" must be developable. That is. 
the figure must be one that can be fiatteneii out into a plane surface 
without distortion. One such figure is the cylinder which, after cut- 
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Fjc, 206. Ceairul cyiirtdrieal pen^ctive ptoftcnan 


ting, may be unrolled. A paper cylinder may be wrapped around a 
globe representing the earth, and the geographical grid may be trans¬ 
ferred from globe to paper. If a paper cylinder taitgent at the equator 
(the usual case) is of the same height as the diameter of the globe, and 
if it is btended to represent the whole globe, then a map projection 
such os Fig. 203 is obtained. This is the cylindrical equal-area projcc- 
Hon, in wliich the lines of perspective arc assumed to come from infinity 
as parallel lines. Clearly the equator is truly represented, since the 
Icngdt of the equator on the globe is the same as on the tangent cyl¬ 
inder. However, the poles, which on the globe are points, arc elongated 
by this perspective projection into lines the same length as the equator. 
This results in great cast-west stretching in high or polar latitudes as 
well as crowded parallels. Observe that half the circumference of the 
globe is compressed into the distance representing the length of the 
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ili.imctcr oF the globe, :inJ that the spacing between parallels rlccreases 
away from the equator. Tliis projection, tJien, is so objectionable in 
high latitudes as to be little used. 

The cylinder of paper may once more be wrapped tangent to the 
equator of the globe, and the origin of the perspective lines transferring 
the geographical grid to the paper may be placed elsewhere. If the 
origin be placed in the center of the globe, th( aniral cylindrical per- 
spectii/c projection shown by Fig. 206 results. Once again the equator is 
truly represented, but obviously the poles can never be shown, since they 
lie parallel to the tangent cylinder. High latitudes are so grossly exag¬ 
gerated in area and shape that this is hardly a satisfactory projectian. 

U. Mercator. Using the ideas contained in the above projections, it 
is possible to construct other cylindrical projections that do have sig¬ 
nificance. Gerhardus Mercator in 1569 published one which bears his 
name. It had great significance in the age of exploration by sea, and it 
is the best known projection today, ft is also most commonly mis¬ 
understood- Mercator compromised between the cylindrical equal- 
area and the central cylindrical perspective projections by spacing the 
parallels not according to any perspective arrangement but mathe¬ 
matically, so that expansion of the area north and south of the equator 
is at the ,wme scale as expansion east and west in any given latitude. 
For example, the parallel of 60° latitude is, on any cylindrical projec¬ 
tion, just twice as long as on the earth, and 80“ latitude is sLx dmes as 
great. Mercator made his distortion in the N.-S. direction in these same 
proportions. The projection is, therefore, conformal, bur of increasing 
scale and decreasing fidelity of larger shapes away from the equator; 
and the poles cannot be shown (Plate 7). 

The Mercator projection owes its fame to the fact that a strtdght line 
upon it cuts all meridians at the same angle and is a rhumb linCy or line 
of true compass direction.* It is not necessarily the shortest line between 

'A line of true or consiafii direcdon on the globe that trendi in one of die cirdin^l 
dircctioiu (E. W. N, or S-) Ls a str^aight line ance it is a parallel w meridian of the geo¬ 
graphical grid. Any lice [Tending in any mhtr dlrecttcc muit cut across die gta:^aphical 
grid aad, na the globe, folbw^ a spira] path, or hxodramf, which curves toward the 
neareiE pole, hut thccu-cbeally ite^er reacho iL The ipnl path of the loxodroine may he 
demonstrated bv drawing ^ lice on ihe globe that everywhere trendt Ttartheaiit, for fLKanipIc. 
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twQ points on the earth (unless they are oil, tlic same meridian or both 
are on the equator), but it is one the direction of which is easily ascer- 
tamed, and also it can be steered by compass m a ship or airplane. 
Therefore, navigators generally use the Mercator map or chart to de- 
termlnc their direction of movement. Great circlet, or shortest routes 
between w'ldely spaced points, are often approximated by traveling 
along a senes of rhumb lines obtained from the Mercator projection, 
rather than trying to sterer a constantly changing compass course. The 
Mercator projection has obtained the sanction of established use to 
such a degree that it is often misused where equal-area projections or 
other projections of the whole world would be more appropriate. Much 
confusion over the size and positions of areas on the earth, such as the 
relative areas of Greenland and South America (compare Fig, 211 with 
Fig. 206) or the idea that North America is located between Europe .ind 
Asia arise from the inappropriate use of the Mercator projection. 

12. Elliptical Projections. The tangent cylinder lends itself to other 
perspective and mathematical projections.* A related class consists of 
those oval or elliptical projections of the whole earth in which the 
meridians are not parallel to each other, but are less widely separated 
towartl the poles. In these projections the diameter of the globe 
forms the N. S. axis, while the E.~W, axis is taken as twice this value. 
This relationship of distance from pole to pole, being one half the 
distance along the equator, is the same as on a globe and is the basis 
for equality of area. Three equivalent projections on this scheme 
arc shown in Figs. 207, 208, and 209. Moltwcide's homotographic and 
the SafiSitn^Flamstecd sinusoidal projections both possess meridians 
equally spaced on the parallels, and the latter are truly parallel as on 
^1^1^' They differ from each other in that the homolographic 
diminishes the interval between parallels toward the poles, thereby 
expanding E. the shapes of the lands in the high latitudesj the 
sinusoidal expands the interval between parallels toward the poles, 
thereby contracting the E-W. extent of lands in high latitudes. The 
Atto§ projeetton (Fig. 209) effects a compromise by departing from 

'O. M. Miller. Ntrtei on Cylinitrical W<jfld Map Projectiunv" G^srafthint! Revieut, 
Vol, 12 (I *>42), pp. 424-430. 
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tlic parallelism of the parallels of the globe* Despite the curved paral¬ 
lels, equivalence U maintained by decreasing the spacing of the me¬ 
ridians toward the mar¬ 


gins 

The 


Fec- 207, 


of rhe projection, 
result IS a pleas¬ 
ing projection in which 
shapes of land nreas are 
well shown. 

13* A dr.iwback to all 
the oval projections is 
that only the areas ad¬ 
jacent to the central me¬ 
ridian have gooti shapes. 

One solution 1$ to lengthen 
the points that represent 
the poles to lines parallel 
tOf but not 35 long as, the 
cejuaEor. Such projections 
are those of Eci^ert and 
Dcrioycr's 

They may be matle Ci^uiv- 
aicnt or conformal, but 
they introtlnce their own 
errors of shapes, for, ob¬ 
viously, the poles cannot 
truly be shown as Uncs. 

H, A second rationali¬ 
zation consists of "inter¬ 
rupting'' the world pro¬ 
jections so as to create 
several central meridians 

around each of which is plotted a segment of the geographical grid. This 
reduces the errors of shape very materially while retainiiig etjuality of 
area. Carried CO its extreme, these interruptions would be the "gores'' 
of paper w^ith which an inexpensive globe is covered (Fig. 210). One 
interrupted projection is f* Paul GoQilcs Aomoksifjc projection* Close 


Fir, Stinssa-Fiiimjirt^ prajetiian 


Fig* prVjcrtiaf! 
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Ficj. 21G* (jorcJ for o gloift 



Fic. 2 i L Oood^*f homoioMm projection 


examination of Fig. 211 will reveal that Goode has used Mollwelde’s 
homolograpbic projection from W to the poles, and the sinusoidal be- 
tween the equator and 40“, in order to get the best shapes for each area, 
and that he has "inicrruptcd'’ the oceans to maintain the continents a^ 
units. Another edition of this projection interrupts the continents lo 
give continuity to the oceans, V. C, Finch has provided a useful inter¬ 
ruption of the Aitoff projection bv eliminating some of the landless 
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areof of the earth and fining the Australiait-Ncw Zealand segment into 
the position normally occupied by the Indian Ocean (Plate 22). A com¬ 
mon reaction to these mtemipted projections is objection to the frag¬ 
mentary appearance of the geographical grid. Once tc is appreciated how 
the various fragments fit, the realistic shapes and equivalent areas must 
be acknovt'icdgcd to be an advantage over other world projections. 

The sinusoidal projection is used in this book with a thrcc-Iobed in¬ 
ter ruplion (see Fig, M3). The lobe containing Europe and Africa uses 
the centra] meridian of 20* £., but the other two segments each have a 
different central meridian north of the equator from that south of the 
equator because the land mass of South America is distinctly east of 
North America and the center of Australia is about -Id" cast of the 
approximate center of Asia. 

15. Projections to a Plane. Another group of projections is derived 
by the perspective extension of the geographical grid from a globe to a 
plane tliat is tangent to that globe. Since a plane is used, and not a 
cylinder, only one half or less of the earth can be depicted. Moreover, 
these projections arc azimuthal, since all great circle lines that pass 
through the tangent point (center of the projection) arc straight lines 
and therefore directions arc truly shown from the center of the pro-- 
jection. Three points arc commonly chosen as the origin of the per¬ 
spective lines: infinity, to produce the orthographic projectioni the 
circumference of the globe at the point diametrically opposite the tan¬ 
gent plane, giving the ttereographic projection', and the center of the 
globe, called the gnomonk projection. These projections may be pre¬ 
pared in three different forms or cases: equatorial (normal), with plane 
perpendicular to the equator; polar, with plane perpendicular to the 
po\c-, and oblique, w'ith the plane in some mtermediate position. 

16. The orthographic projection shows considerable compression of 
the marginal areas of the hemisphere (Fig. 212), just as perspective 
lines from infinity compress the high latitudes of the cylindrical equal- 
area projection. However, this is a useful projccdon because it has 
approximately the appearance of a globe, viewed from a distance, or a 
photograph of a glcix:. It is not exactly the same because neither the 
human eye nor the camera is at infinity. 
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17/Thc stereographic projection (Fig. 213) has a geographical grid 
which expands away from the tangent point. It is conformal, but exag¬ 
gerates areas near its mar¬ 
gins so that it is not in 
common use for an en¬ 
tire hemisphere, 

18. On the gnomonic 
projection (Fig. 2H), 
with perspective lines dc- 
rived from the center of 
the globe (similar to the 
central cylindrical per¬ 
spective projection), the 
margins of a hemisphere 
cannot be shown since 
they lie in a plane parallel 
to the tangent surface. 
Fk. ZI2. Orihogmphie poiar pnjfctioa Indeed only a small part 

of a hemispJiere can be 
shown without excessive 
expansion of shapes and 
sizes of areas. There is 
one unique property of 
the gnottionic projection 
which makes it useful in 
spite of its obvious de¬ 
fects. This is the fact that 
all straight lines drawn 
on the projection arc 
great circle routes (i.c. 
great circle or circum¬ 
ference lines on the globe 
become straight lines on 
the projection). It is 
therefore possible for the 
Fl^;- 21J. Stfsrtfographie ptiar proi^tmn navigator to determine 
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nradily the shortest distance between two points by plotting them on 
the gnomonic chart and connecting them with a straight line. Points 
along this line can be 
transferred to the Merca¬ 
tor chart (where they will 
form points on an arc un- 
lic wholly on the 
equator or on a merid¬ 
ian) to obtaLn azimuths 
or directions (rhumb 
lines) by which to steer 
to approximate a great 
circle course. 

19. The principle of 

the tangent plane may be 
used with the perspective 
lines originating else¬ 
where than stated above. 214. Gnomo/tic polar piOffctlon 

It also may be followed 

b mathematically locating the geographical grid without recourse to 
perspective. Two welhknowm projections of the latter type were con¬ 
structed by the French cartographer Lambert in the 18th century. 
Lambert't Azimulhai Equal-Ares projection gives satisfactory shapes 
to large areas of approxinvately equal dimensions and is therefore w*cll 
adapted to use for continents, as in the plates in this book (Plates 13 
and 19 are in the equatorial case; Plates 15 and 17, the oblique case). 
It is sometimes employed for hemispheres, but here the distortion of 
the peripheral areas becomes noticeable as b Fig. 199. 

20. The Lamiiert'i Azimuthtsl-Equidisrani projection derives its 
name from the fact that any line drawn outward from the center of the 
projection not only has a true azimuth but also is true to scale through¬ 
out its length (Figs. 156 and 157). Since these are the two properties 
desired, shapes and areas cannot be considered important, anti the pro¬ 
jection may be extended to con tab the whole world w'ithb Us circum¬ 
ference, If this projection be plotted around the north pole (Fig. 215), 
Antarctica CHtcurs evciy'whGrc around its periphery, since all directions 
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are south from the north pole and must Inevitably lead to the south 
pole^ and, on (his projection, the south pole is at its true scale distance— 
the radius of the projection. If plotted around a point between pole and 

equator, both poles will 
be shown as centers from 
which the geographical 
grid curves and loops 
outw'ard(Fig. 216). This 
projecdon has practical 
value, for example, to 
radio engineers, since 
radio waves travel along 
straight lines outward 
from the center of prop¬ 
agation* 


21, Conk Projections. 
When ntap-makers and 
Fic. 2i5. As*mHthiii-equidh$a7it projtctioji map-uscrs arc interested 

in areas Oif less than Ivemi- 
spherc proportions, they may employ parts of the foregoing projections 
or they may turn to a series of projections based on the concept of an* 
other developable geometric figure placed tangent to the globe. This 
new figure is the cone, which is a surface intermediate between a cylinder 
and a plane and may be ''unrolled” to become a plane. Commonly the 
apex of the cone is considered to lie on the polar axis of the earth ex¬ 
tended into space, so that the cone is tangent to a selected ststiAdtil 
partilM. Following the analogy of the cylinder, this parallel must be 
of true length and scale, since it is a line on the globe and the cone both, 
^^heii the cone is imrolled and opened out into a plane surface, the 
standard parallel becomes an arc of a circle. All oiher parallels remain 
parallel to the standard parallel and are therefore concentric arcs on the 
map projection. The meridians are straight lines radiating outward 
from the apex of the cone. 

In Its simplest form, the conic projection is derived by perspective 
from the center of the globe so that the parallels are unevenly spaced, 
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l>ccommg farther apart awa^ from the standard parallel. The ordinary' 
simple coiiie projecftan has the parallels equally spaced at an aihitrarily 
chosen interval, and is particularly suited to areas of middle ladtudcs 



xvhich extend a greater distance from east to west than from north to 
south. An improvement in scale can be attained by giving the conic 
projection iivo standard parallels. The concept here employed is to pass 
the cone through a portion of the circumference of the globe, making 
the cone secant rather than tangent (Fig. 217).* The overall result is 

‘Oh^'iQuslj 3 ejlintlrital projeetion also may be routrufEcd setcaot to the globe, rather 
than cajigcnt. Siinh a pmjctlicmH for cumplc, is Gairi Stcieo^aphk in which the pdriilFck 
of 45° N. zrtcl 45* S. become standard parallels, true to scale. 
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better, since scale errors are reduced, but none of the conic forms below 
arc either cqual-arca or conformal. 



To add either of these desirable properties to conic projections 
With two standard parallels it is necessary to space the parallels to get 
quadrilaterals proportionately the same as on the globe, or to space the 
parallels so that scale along parallel and meridian is the same at their 
intersections. The former spacing Is known as j Eiftml-Areu pro¬ 
jection and may be recognized by the fact that outside of the standard 
parallels the spacing of other parallels decreases. The latter is Umb^n's 
Conformal Conic projection, and its parallels are increasingly wider 
apart beyond the standard parallels. Once again, these conic projections 
arc best adapted to areas extending primarily east and west. By careful 
selection of the standard parallels, either projection will give a map of 
the United States, for example, with very little scale error,^ 


41^ gf the* pr^uons hive bttii cakuhicd fejr live Uniiwl State bv Ac Unired 

1 j 4 :ip k rtiRCfs tvquji.Arca, uith ManJiird para ai 291" N 

3nd45i" N..hati maximum imkcmirat Un in the United States 1 A r , 

Qafttt with ftSLnilajfd parallel ?133'^ N. ind 4?* N u 24^ urf ar th ‘ u 

Unilcd Siata. ^ mixiinum. within Lhe: 
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23. The siinplc conic projection may be modified in other wap than 
the abovc^ ffrojcciton {Fig, 218) is commonly encountered in 



atlases for continental 
areas having the north- 
south axis longer than 
the cast-west (Nortji 
America or South Amcr- 
ica^ for example)* The 
equally-spaced concentric 
arc parallels arc retained, 
but the meridians arc 
curved so that they meet 
at the pole, rather than 
extending as straight 
lines meeting In space at 
the apex of the cone. The 
spacing of meridians on 
the parallds gives quadri¬ 
laterals of true proportion 
to similar ones on the 
earth, and thus the pro¬ 
jection is equal-area. 

Shapes are good along 
the straight central me¬ 
ridian only. 

24- Another modiHcation of the conic is particularly well known to 
Americans because it is the projection used for the detailed maps of 
the United States comprising the 'Topographic Atlas/' issued in the 
form of the familiar quadrangle sheets. This is the American poly- 
conic projection in which not one bur a whole series of cones are con¬ 
sidered to rest tangent on the globes each at a different parallel but 
w4th their apexes in a conunon line. Each parallel then is an arc of a 
circle, hut the circles have different centers so that the arcs are not con¬ 
centric to one another. Merithans drawn through the parallels at their 
true scale positions will yield one straight central meridian and the 
remainder cur\Td (Fig, 219). Since the principle is one of adjustment 


Fie. 21 Sr Bonne'j profc^tion 
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northward and southward along many parallels representing many 
cones, this projection Is best suited for areas of great length in those 


/ 




direcuons and of limited east-west extent. Although the polyconic 
projection is neither equal-area nor conformal, its use for quadrangle 
sheets has been firmly established, probably because of the case of 
construction from published figures/ At the publication size and 
large scale of the quadrangles, it is not easy to recognize the Jack of 
cquivatcnce or conformality on an individual sheet. A disadvantage of 
the American polyconic is that sheets lying along the same parallelfwill 
not fit together except by distorting the paper, although any number 
may be placed in a N.^S. line with perfect coincidence of marg in^ , 

25. The International Map of the World at the scale of lil,D00,0C0 
is divided into sheets 6* in longitude and 4* in latitude. It i/on the 
Lalleraand Polyconic projection in which the familiar principle of two 
standard p^allels is employed for each sheet and for each of the many 
cones. This projection also uses straight-line meridians with two 
standard meridians on each sheer. This device permits «ch sheet to be 
Lndc|^denrly adjusted to one of the secant cones, yet to fit against the 
margins of the adjacent sheets north, south, east, and west. Obviously 
the Lallemand projection is a compromise and is neither equal-area nor 


’Umecd Slatn Cwrt and GoMlndc Survrr, Pubtiatiem No. 5. 


492 











APPENDIX A ■ MAPS 


26. The catalogue of map projections is by no means exhausted by 
the projections named aboi'e. Some additional manipulations take the 
following general forms: 

Projections onto geometrical figures other than cylinder, plane, 
and cone. The figure may be a cube or other polyhedron. The geo¬ 
graphical grid may l>e arbitrarily speed within a conventional surface 
such as a circle. 

Turning the cylinder or cone so that the developable geometrical 
figure is "skewed" with relation to the geographical grid. Examples 
arc the Tranipme Mercator and the Tranitferse Polycoaic, in W'hich the 
"good parts" along the equator of the Mercator and along the central 
meridian of the polyconic arc given other orientations. Bonne’s pro¬ 
jection becomes tVerncr's when the tangent cone is fitted across the pole 
instead of along a parallel, IVcracr^s projection becomes Goodens Polar 
Equal-Area projection when interrupted (sec Fig. 1)- 


IV. Map Symbds 

27. It has previously been stated that map$ arc selective representa¬ 
tions of facts of distribution^ This is true even of the topographic map^ 
which shows a stnall area at large scale, because all the manifold aspects 
of the earth’s surface cannot be depicted. Tlie usual coiDbination of 
selected features on topographic maps falls into five categories: 

a.Tht surface configuration, including form, elevation;, and relief.^ 

A. The drainage patiern, including running water* standing water, 
and permanent ice. 

The material works of man, including hJs settlements* structures 
he erects* transportation ways he builds, and other facts of his land 
utilization. 

d. Certain invisible aspects of man^s use of the land such as political 
boundaries and air routes, 

c.The conventions of the map such as geographical grid, borders- 
index numbering* and so forth^ 

Sometimes a sixth category consists of the vegetation cover. 

^Scc ddiniciorL of relief given on page 
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Obviously the category' of invisible facts can be represented on the 
map only by means of symbols. It is less obvious perhaps, but just as 
true, that all the other categories also require symbols. How can a rail¬ 
road track 4' between rails be dravrn to scale, with ties, ballast, and 
switches f How can a stream be shown that changes its course, its 
width, and its volume? How' would you draw a hill? The use of 
symbols or conventions that stand for given facts is imperative. The 
quality and accuracy of a topographic map dcpeiids on the selection of 
data and their sym^Uzation. 

The symbols commonly used on the United States topographic maps 
are depicted in Fig. 220. Those that represent point locations or linear 
distributions require no explanation, for diey are generally a stylized 
portrayal of a tangible fact as seen from a vertical position,^ or an 
arbitrary representation of an intangible. However, surface configura¬ 
tion has a broad twcnlitncnsional aspect that is difficult to symbolize 
and a third, or vertical, dimension that must be shown and is even 
more difficult to present on the twcMlimcnsional surface of a map. 


28. Representing the Vertical Dimension. An oblique (nonvenlcal) 
photograph such as that taken out of a window of an airplane shows 
the vertical dimensions of the land by the principles of perspective, 
but scale obviously changes away from the camera, and objects arc 
obscured by both distance and intervention of other objects between 
them and the camera. The cartographer may render a similar ''pic¬ 
torial" impression of relief. He may adjust distance and scale by 
changing lus position with reference to perspective from place to place 
on the map. However, he must always displace some portion of the 
land forms from their true positions and obscure some areas by that 
displacement, in order to show height anti tlcpth. The higjj volcanic 
cone of Fujiyama in Fig. 184, for example, U drawn from an oblique 
view, whereas the urban areas of Yokohama and Tokyo are seen from 
a vertical position. The realistic effects of this m.ip by Guy-Harold 
Smith, or of the "physiographic method" used so effectively by Erwin 
Raisz (see Figs. 9. 10, and 13 and many others in this book) may com- 


‘Tills f»cc will be jpprcriaieii bf noting dui the itaRl!i svmhol ii viewed from 
norizonul poniociix 
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pen sate for the errors iiihcrcnt in an oblique view. The physiographic 
method is, of course, a symbol system because each type of land surface 
is represented in a particular way, rather than as an individual unique 
fonn-‘ If each mountahi were drawn as exactly as possible, which of 
the numerous oblique views w-ould be representative of it? 

29. The vertical aerial photograph gives some impression of surface 
forms by the distribution of light and shadow. Unless the contrasts arc 
strong and the relief of the surface is great the nature of the surface mav 
not be readily recognized. This is a common disadvantage of photo¬ 
maps. Indeed vertical photographs must be used in stereographic pairs’ 

^Erwin Raisz, "The Phyuographte MeihdJ of EepreKnting Scenery on Mapi." Geo¬ 
graphical Rev iew 21 (!931), 297-304. A considerable degree of realism characieri^ci die 
use of these symbds in the drnifiagc patlcrn ii closely fallDwed, os well; m the trends 
of uplancls and changes in stopc, 

“A pair df plhdldgraphs which have ^ixnc p@Jl of ihcir area in ccHnmoti but arc phdtp- 
Iffaphcd from dlfTcrcfic angles so tliai when pUced in a ftcrcoKopic mstrumciit for prop¬ 
erly ^^cwcd by the u raided eyes) they produce a three dimcrtiipnal Image. 
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Fk. 221, Plastic shading with ohisque iliuminaiion. (From map o£ Switzerland: 

by Kummcriy and Frey) 


m order to measure slope, height, and relief. Tiic cartographer may 
employ light ami shadow more effectively than most photographs 
to give the appearance of the vertical dimension on a twWimenslonal 
surface because he can select the amount and the angle of illumination. 
This method is called plastic shading (as in Fig. 221, which should be 
compared with Fig. 190). It is not susceptible to measurement, unless 
combined with some other form of relief representation. 

30. A more measurable employment of Ught and shadow is known 
as the hachure system. Hachures arc short lines drawn vertical to the 
Steepest slope, thin lines representing gentle slopes and thick lines 
representing steep slopes. In the Lehman system, slopes of 45* or 
greater employ hachures so close together that they merge into solid 
black masses. Hachured maps arc difficult to draw and difficult to 
make measurements from, although the effect of relief is pleasant to the 
eye, particularly when combined with light and shadow effects (Fig. 
222). High and flat areas may be difficult to distinguish from low and 
flat areas, and absolute altinnk must be indicated by figures. 
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31. While all the above systems have I heir peculiar merits* cartog^ 
raphers more commonly employ another systemj particularly for maps 
of topographic quality. This 
is the contour line, which 
may be dehned as an imagi¬ 
nary line on the surface of the 
ground everywhere at the 
same elevation above the 
datum plane for vertical 
mca snr cmen ts. Successive 
contour lines above and be¬ 
low eacli other are separated 
by an arbitrary contour in¬ 
terval. In reading a map em¬ 
ploying contour lines it is 
mandatory that w'e know the 
contour interval as well as the 
exact elevation of die lines. 

Since a contour line is every¬ 
where throughout its length 
parallel to the datum plane* 
it neither rises nor falls in elevation^ and it must, if traced far enougli, 
come back to close witlv itself to form an endless line. No two contour 
tines may touch each other* since they arc separated by a contour in- 
tervalj, although a vertical or overhanging cliff because of the horizontal 
position of the lines printed on the map will cause the contours to join 
or cross eadi other. 

The wav in wlilch certain surface features arc represented by con¬ 
tour lines is shown in Fig. 223* Certain basic rules for the interpreta¬ 
tion of contour lines are: 

fl. Contour lines are continuous and do not branch or cross. 

If a contour line closes upon itself within the area of the map^ the 
land slopes upwarti from the area outside to tJic area within the en¬ 
closure, Therefore, a group of more or less concentric closed contour 
lines represents a hilL 



FiGr 222i Hi^churmg wttft iiiumind- 

(Fram the Duftjur map of Switzerland) 
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Fig. 223. A rAirJ ami iu eomour map rrpreie»taiie>r 7 


/■.Contour lines bend when they approach a stream valley so that 
the bend in ilic line points in (he upstream direction. Relations of 
valleys to contour lines may be seen in the radial drainage pattern 
around Mount Sr. Helens in Fig, 173. 

d. Contour lines that enclose depressions which have no outlets at 
the altitude of the contour lines must be specially marked in order to 
reveal that the enclosed area is lower (see rule h above). This mark¬ 
ing usually is in the form of hachures pointing down slope drawn along 
the contour lines, at right angles to the lines, 

e. Sonic map producers emphasize particular lines (for example 
every hfth line) by greater wlilth of line in order to guide the eye 
through the complexities of many adjacent lines. 
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When properly selected as to contour interval and width o£ line in 
relation to the scale of the map and the relief of the area, contours may 
give a very excellent vismti ittipression of the configuration of tlve sur¬ 
face, Where ilte contours are bunched together the slopes arc great and, 
if the contour lines are irregular, the surface is rough. Where the 
contours arc closed and concentric the reader sees ridge tops, hilltops, 
and mountain ranges. Areas of widely spaced contours are low in slope 
and may represent plains, valleys, or broad upland surfaces according to 
their relationships to oiJter features. Thus, the qualitative characteristics 
of the surface may be read almost at a glance and with about as full 
comprehension as provided by any other symbol system. Quantita¬ 
tively, it is possible to read altitude within the limits of the contour 
inten-al. Spot heights may be used to supplement the value of the lines. 
It is also possible to determine the vertical relief between two or more 
points. Horizontal distances being known, the calculation of slope is 
^siblc. The contoured topographic map, then, is favored by engineers 
and others who must have quantitative data. Some geographers and 
physiographers have transformed contour maps into relative relief and 
average slope maps.* 


32. Quantitative snd Non-cjitantStadvc The principle bchijid 

the contour line has l>een applied to the representation of quantitative 
data on maps. These lines .arc called isarithms, or lines of equal value. 
Examples of isarithms are furnished in the field of climatology: iso¬ 
therms (lines of equal temperature, Plate 24); isobars (lines of equal 
pressure, Plate 25); isohyets (lines of equal precipitation. Plate 27). In 
these examples the data are continuous in their distribution and change 
only in amount or degree. Some authorities therefore distin^ish ho- 
picthr, or lines of equal value drawn through tbia that are discontinu¬ 
ous, such as the distribution of people on the face of the earth. Very 
often the interval between isarithms or isoplcths is given a color or 
pattern to focus attention not on the line of equal value but on the 


«F.xa:npt«ar<: C. K. Wmtvi'nfth, "A Simplified Metliod of Determiain^i iht .Average 
Slope of Land Surfatw.' ATtterieatt loumul o/ SerVnee, Seriei 5, VqI. SI (IffJt)), pp. 1^ 
114. E. Raitz a«d h HEfiry. "An AvEtaj;c Slope Map of Southern Enj;la^, 
graphieid Rrviru’. VqI 27 (1W7) , pp. 467-172, Guy-Harald Smul., The Eebovc Rchef 
of Ohio" (^gfitpiieal SeFifw, VoL 25 pp- 272-284. 
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value caicgory comprehended between two such lines. This principle 
is used in the snowfall map of Canada (Fig. HI), the average rainfall 
map of the w-orld (Plate 7), and the populadon maps of the world 
(Plates 1 through 6). 

33. Quantitative data may also be represented by dots placed on the 
map. These dots may have a uniform value as on the maps of com 
production in the United States (Fig. 120), or their value may differ 
with the size of the dot as in the map of distribution of population in 
Pennsylvania (Fig. 90). In cither case the visual impression of distribu- 
tion may be excellent if the relationships between scale, size, or sizes of 
dots and values of dots arc carefully considered. However, the dificulty 
of counting many dots, and the impossibility of counting merging dots 
limits the quantitative use of this symbol system. To obviate this ob¬ 
jection, various schemes have been proposed such as arrangement of 
dots in countable patterns like squares or rectangles; use of open or 
shaded large circles through which the individual dots of congested 
areas may be recognized; employment of ''spherical dots,” in which 
value equals the volume of the sphere rather than area of the circle or 
dot; and the erection of square dots or cubes into piles of blocks. The 
laiicr is a step toward a graphical system. It is possible to place any of 
die common figures such as pie graphs, bar graphs, and line graphs 
on the face of a map. 

34. Non-quantitative distributions arc represented by a great diver¬ 
sity of symbols indicating points, linear patterns, or areal rattems 
Sometimes the symbol selected is purely arbitrary, and sometimes it is a 
pictonal effect. Consider as an example the map of the ricedand topog 
raphy on the delta of the Mahanadi (Fig. 29). Drainage ditches and 
unpaved roads use symbols employed on many maps, although the 
ditch symbol also is use<l for a wall on some maps. Coastal bar and 
waste land is an arbitrary symbol easily drawn and in good contrast 
to the mangrove and jungle symbol, which attempts to look like 
the vegetation it presents. One must read more closely and accu- 
rately to appreciate that the blank areas are rice land, the avowed 
subject of the map. Because symbols are not always sel£M;xplan.atory. 
a wcll-considcred map has a legend or key defining such symbols 
It IS a good map^reading habit to examine the legend as well as 
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the scale (and contour Intci^aJ and projcciionj before attempting the 
inierptetaiion of a map. 

35. Greater legibility on maps often is obtained by the use of colors. 
Colors may be selected with some relationship to the facts they present, 
as, for example, on many atlas maps presenting the world distribution of 
natural vegetation. The number of categories being limited, colors 
iiuy be selected that suggest the vegetative associations pirirayed. 
The Dry Lands and Grasslands may be assigned grays or yellotvs ivltose 
color density varies in proportion to the floral dendty. The forest 
groups may be designated by greens whose shades and densities may 
be related to temperature concepts. Tundra and ice caps may then be 
gray or white. Colors thus used arc easily remcmbcrctl. A false impres¬ 
sion often b conveyed to the uninitiated by the hypsometric system used 
to represent altitude of land surfaces, particularly on small-scale maps. 
Contour lines at large and often irregular intervals separate colors 
which usually begin with greens at low altitudes and progress through 
yellows and browns to reds at Jtlgh altitudes. Because of the infre¬ 
quency of the contour lines and the wide extent of the color areas, 
the unfortunate and erroneous impression may be given that elevation 
changes abruptly at the contact of two colors, and that little change 
takes place within a given color area. 

Legibility of maps is more than a matter of color or of symbol selec¬ 
tion. It is related to the function of the map. Topographic maps por¬ 
traying many of the tangible features of a landscape and some related 
intangible data retjuire approximately equal em pit a sis and clarity 
among cultural symbols, so that all may be distinguishable, and suffi¬ 
cient emphasis on physical symbols (often obtained through color) so 
that they form a readily intelligible pattern upon which the cultural 
symbols arc distributed. Maps of smaller scale covering larger areas 
usually place particular emphasb on a limited number of distributions. 
For example, note the emphasis given to Indian trails in Nfichigan m 
Fig. 85 and to the road from Peshawar to Bokhara in Fig. 191. Lack 
of a striking symbol for the cropland of Alaska in Fig. 153 makes the 
cropland difficult to locate among the moimtains and taiga. 
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V. Map Sources and Collections 

36. Atlases. Collections of maps brought together in bound or loose- 
leaf form arc known as atlases. Because of their great utility and 
handiness compared to individual sheet maps, atlases form a basic refer¬ 
ence source comparable to dictionaries and encyclopedias. The subject 
area of an atlas may be as general as the world, or as detailed as a county 
Or other minor political division. In the United States most atlases arc 
produced commercially, but some countries, such as France, Finland, 
Poland, Czechoslovakia, the U.S.S.R,, and Canada, have provided ex¬ 
tremely valuable and significant national atlases. 

37. Sheet Maps. Unbound sheet maps exist for such a variety of areas 
and subjects, and in such tremendous quantities, that reference collec¬ 
tions are very limited in comparison with the distribution of atlases. 
In the United States, local and state government offices and libraries 
often are w'cll supplied with sheet maps of their particular areas. For 
the nation as a whole and for foreign coverage the major sources avail¬ 
able to the student or map user are the Federal Government and the 
major geographical societies. Inquiries concerning domestic mapping 
may he directed to Map Information Office, U. S. Geological Survey, 
Washington 25, D. C. This office has knowledge not only of the topo¬ 
graphic quadrangles and other mapping work of the U.S.G.S. but also 
of die work of the Coast and Geodetic Survey, the U. S. Department 
of Agriculture, and all other mapping sections of the Federal Govern¬ 
ment. Foreign map collections of real significance exist in Washington 
at the Library of Congress, Army Map Service (Department of the 
Army), Hydrographic Office (Navy Department), and Department 
of State, TJic most important non-governmental collection Ls in New 
York City at the American Get^rapIdeal Society. 

The list of publishers of sheet maps is very extended. However, a 
limited number of publishers should be known to every map user, li)r 
the United States, the topographic quadrangles of the U.S.G.S. (supple¬ 
mentary work by Mississippi River Commission; U.S,C.&G.S., Tennes- 
see Valley Authority; and others) arc basic. The largest scale map 
covering all the United States is supplied bv the Coast and Geodetic 
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Survey’s 1:500,0(Xl air map. In rhe Jicld of foreign and world mapping, 
the International Map of the World occupies an important position. 
This map is intended to cover the entire world at 1:1,000,000 as a co¬ 
operative effort among many nations, following map specifications 
agreed upon in 1909 and subsequently. Although far from complete, 
great progress has been made, particularly during W'orld War 11. The 
American Geographical Society has completely mapped the Americas 
south of the United States. European coverage has been completed by 
various national groups, and reissued by the British government, which 
also has prepared large parts of Asia and of Africa. The British group 
working on this and many others maps in Europe, Africa, and Asia is 
the Geographical Section of the General Staff (GS,GS). The American 
counterpart, which worked co-operatively with GS,GS during World 
War 11 to fill in the gaps in world maps at various scales, is the Army 
Map Service (AMS). Tluough the latter many universities and public 
libraries in the United States arc participants in a map depository pro¬ 
gram which features the placement of AMS copies of foreign topo¬ 
graphic maps in major population centers throughout the country. 

Most topc^raphic maps are of such detail that they must be issued 
in many ifidividual sheets which form parts of the whole map. These 
sheets make up a set (or series) of maps. A map set commonly has the 
same characteristics throughout its sheets, w'hich differ from each other 
primarily in position. The usual method of keeping records of these 
sheets is to plot them in miniature on a small-scale index map. All the 
maps mentioned in the paragraph above are grouped into sets. 

Sheet maps which do not comprise sets must be regarded as indi¬ 
vidual items. Their cataloguing and filing raise problems comparable, 
but not entirely similar, to problems encountered with hooks and docu¬ 
ments. The primary differences between the latter and maps are that 
area is the map subject of importance, and that a map is physically a 
thin, and often large, sheet of paper. A number of library systems for 
maps have been devised, but no general recognition of the merits of a 
particular one over all others has been forthcoming. However, the most 
useful systems all depend upon division of the world into arbitrary 
areas (usually political units). Small-scale maps of large areas are then 
catalogued with the major divisions of the world, atid large-scale maps 
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of small areas with ihc subdivisions. Maps that present unusual com¬ 
binations of area are placed in one arbitrary division and cross- 
rcfcrenccd as necesBary, In large collections^ the designation of area 
is supplemented v?idi a definition of subject matter of the map. With 
these principles in mind, it will be found that the library system of any 
of the major collections may be readily used. 
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I, Some Fundamental Meteorological Principles' 

1. CompositioD of the Atmosphere, The atmosphere is a mixture of 
gases. About 78 per cent is nitrogen and about 21 per cent is oxygen; 
but of the remaining 1 per cent the small proportion of \\'ater vapor and 
carbon dioxide is of the greatest importance in determining the char¬ 
acter of the earth’s dimates. Water vapor U confined almost wholly 
to the lower layers of the atmosphere, 90 per cent of it lying below 
twenty-one thousand feet. Its average mass the world over is such that, 
if it were condensed, it wouhl be the ccjuivalent of a layer of water about 
one inch deep over the entire surface of the earth. 

2, Insolation, For all practical purposes the sun is the only source of 
the heat which maintains the temperature of the earth’s surface and the 
atmosphere. The solar radiation received at the surface of the earth 
depends upon four things: (!) the solar output of radiation, which 
Huctuates slightly in cycles of more or less regular recurrence; (2) the 
ilisrance of the earth from the sun, which varies seasonally during the 
passage of the earth around the sun; (3) the inclination of the sun’s 
rays to the plane of the horizon, which varies seasonally owing to the 
inclination of the earth’s axis to the plane of its orbit and which also 
varies with latitude and local exposure; and (4) the transmission and 
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absorption of the atmosphere. The preceding table (reference 10, p. 528) 
gives the total amounts of insalation (in kilograni'CaJories per square 
centimeter of level surface) at the top of the atmosphere^ P^rom these 
figures We see that in a year only about 40 per cent as much insolation 
IS received above the poles as above the equator, and also that the rate 
of insolation falls off most rapidly between latitudes 50" and 60". 

3. Heating of the Earth's Surface. The effect of the distribution of 
insolation over the earth is to produce, in general, the greatest amount 
of heating near the equator and the least amount at the poles. This 
simple iatimdinal arrangement, however, is complicated by the dif¬ 
fer ent ml heating of land and water^ Water heats more slowly than 
land and retains its heat longer under similar atmospheric conditions. 
The relatively slow heating of water is the result chiefly of three facts: 
(1) the specific heat of land is lower than that of water; (2) water is 
translucent, so that a given amount of insolation which is concentrated 
on the surface of the land penetrates through a considerable depth of 
water; and (3) water is mobile, and so can distribute the heat W'liich it 
absorbs. Radiation from a water body being less rapid than from the 
land, the former retains for a longer period the heat which it receives. 

4. Heating the Air. About 37 per cent of the solar radiation which 
reaches the top of the atmosphere is returned again to space by reflec¬ 
tion, chiefly from upper cloud surfaces, but in part also from the earth’s 
surface, especially from ice and snow. Of the 63 per cent not immedi¬ 
ately returned to space, only about 10 per cent U absorbed by the at¬ 
mosphere, and the rcm.'iindcr makes its way directlv. or as diffuse 
sky-light, to the earth’s surface. 

The atmosphere is warmed chiefly by conduction, or contact with 
the earth, and by radiation from the earth. Owing primarily to the 
water vapor and, to a lesser extent, to the ozone and carbon dioxitle, 
the air is able to absorb about 90 per cent of the long-wavc terrestrial 
radiation, whereas it can absorb only about 10 per cent of the solar 
radiation. Since radiation absorbed in an air stratum is again radiatnl 
equally upward and downward, 45 per cent of the outgoing terrestrial 
radiation is returned again to the earth, and an equal ammmr finds its 
way out to space. 
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3. Cooling of the Earth. Eventually as much heat is radiatecl from 
the earth as is received from the sun, for if this were not true the earth's 
average temperature would not remain approximately constant. The 
cllect of the atmospltere is to let through the incoming solar radiaKon 
and to intercept the outgoing terrestrial radiation, so that the surface 
temperature of the earth is somewhat higher than it w'ould be without 
the protection of Its gaseous envelope. I'hc effect of this absorption of 
earth radiation is greater as the amount of water vapor increases. The 
cooling of the earth’s surface by radiation is therefore most rapid at 
high altitudes and in dry regions where the amount of water vapor is 
at a minimiun. 

6, Vertical Arrangement of Temperature. Because the atmosphere 
is heated chicBy from the surface of the earth, the temperature gei> 
erally decreases with increasing altitude. Up to an elevation of from 
six to nine miles iliU decrease is about T F. for each tlircc hundred and 
thirty feet of increased altitude. This is the average ecrtkal tempera¬ 
ture gradient in the free air. Above six to nine miles (higher over the 
e<^uator and lower near the poles) the temperature remains fairly coiv 
stant with increasing elevation. This upper atmosphere is known a.s 
the stratosphere (illustrated by Fig, 170, p. 392). The lower zone. In 
which die temperature decreases with increasing altitude and in which 
Vertical air niovcnvents are common, is known as the troposphere. 

7. Adiabatic Cooling and Warming of Air. A mass of rising air is 
cooled adiabatlcallyi that is, without the removal of any heat from 
the mass of air involved. With increase of elevation the pressure de- 
creases (see section 9, p. 508) and the air expands. As air e.'tpatuis, it 
cools; in a mass of rising dry air this rate of cooling is about 1.6" F. 
for every three hundred feet. This is the dry adiabatic rate. When an 
air mass descends, this process is reversed, the air being warmed adi- 
abatically at the same rate. 

When the cooling of air results in the condensation of water (seer. 
H), the dry adiabatic rate no longer prevails. Because of the liberation 
of latent heat in the process of condensation, the rate of temperature 
decrease becomes less, and the departure of this retarded adiabatic rate 
from the dry rate is greater as the rate of condensation is greater. 
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8. Vertical Air Movements, When the remperature of a mass of air 
IS higher than that of surrounding air, the colder air settles and forces 
the warmer air to rise. This action is due to the fact diat colder air has 
a greater density than warmer air. As long as the rUing air mass is 
relatively warmer than the surrounding air at the same level, it will 
continue to rise. The relationship between the vertical temperature 
gradient in the surrounding air and the adiabatic rate in the rising air 
determines, therefore, whether a vertical movement shall continue or 
quickly cease. For if the rising air is cooled so rapidly that it becomes 
cooler than the surrounding air, it must settle back. If, on the other 
hand, the rising air is cooled more slowly, so that the ascending air re¬ 
mains warmer than the surrounding air, the rise is condnued. Any¬ 
thing which increases the vertical temperature gradient or decreases the 
adiabatic rate tends to increase vertical air movements. For instance, 
if moisture is condensing in the rising air moss the rate of cooling is 
retarded (sect. 7) ; therefore, air in which moisture is condensing tends 
to be more buoyant than air in whldi no condensation is [atin<i place. 
Buoyancy is alsrj increased if a cold layer of air overriding a warmer 
surface layer increases the vertical temperature gradient. 

In general, then, vertical air movements are common in warm, moist 
air, and if clouds arc present they take the (cauliflowcr- 

shajwd) form. Cold air, on the other hand, is sluggish and does not 
nse easily; clouds in such air are commonly s/ratu^ (sheetlike). 

9. Pressure. Atmospheric pressure is the result only of the weight 
of the overlying column of air. It is commonly measured in terms of The 
length of a column of mercury which will balance this weight. Normal 
pressure at sra level is about iO inches of mercury (exactly 29,94 in.). 
With increasing altitude the pressure decreases: at 5000 feet it is about 
25 inches; at lOpOO feet, about 20 inches; at 16,000 feet, about 16 inches. 

The pressure is not uniform over the earth’s surface, however, even 
at sea level. In general an area which becomes relatively warm com- 
i^red wnh a neighboring area becomes also an area of low pressure. 
This can \x explained by a consideration of two neighboring masses of 
air one of which is heated and the other cooled. The column of air 
which IS heated expands, while the ctxiled-air column contracts This 
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producer cl TOOvcnicrit at a high level away from die column of hcateii 
air and toward die column of cooled air, and as a result the pressure of 
the one is decreased and of the other is increased. 

10. Convection. The result of the increase of pressure in one air mass 
and of die decrease in the other (sea, 9) is a movement of air along die 
surface of the earth from the cooler area, with its higher pressure, to the 
warmer area, widi its lower pressure. In a closed system a complete 
circulation would become establislied: air moving away from the top 
of the warmcd*air column towanl the cooled columnj air descending 
over the cooled area; air moving over the surface of the earth from the 
cooled area to the warmed area; and air rising over the warmed area. 
Such a circulation is called coiiveciton. 

11. Deflection Due to the Earth’s Rotaiioti. On the surface of our 
planet, however, all moving bodies arc deflected from their courses as 
a result of the earth’s rotation. In this brief summary the causes of this 
deflection cannot lie presented.’ The fact is, however, that all moving 
bodies in the Northern Hemisphere are deflected to the right and that all 
moving bodies in the Southern Hemisphere arc deflected to the left. This 
deflection is strongest at the poles and reaches zero along the equator. 

12. Winds and Pressures. As a result of this deflection (sect. 11), the 
winds which otherwise might blow out from a center of high pressure 
across die isobars (lines of equal pressure) actually move parallel or 
nearly parallel to the isobars. In the Northern Hemisphere, with de¬ 
flection to the right, the winds whirl around a high-pressure center in 
a clockwise direction; and in the Southern Hemisphere, witir a deflec¬ 
tion to the left, die air movement around a high is counterclockwise. 
The movement around a low-pressure center is }ust the reverse: 
counterclockwise in the Northern Hemisphere and clockwise in the 
Southern Hemisphere. Over the oceans, where friction with the earth’s 
surface is reduced to a minimum, die whirls are best developed and the 
winds arc most nearly parallel to the isobars; but over the land, where 

retards the effect of the eartli s rotation, the winds cross the 
isobars at larger angles (compare Plates 25 and 26). 

*S« referertc lO, p. 176 tf. 
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13. Humidity, The amount of water vapor which can be mi’fni with 
the air depends on the temperature At higher temperatures more water 
vapor can be present, but at lower temperatures much less water can 
exist in the air as a gas. Most of the time the actual amount of water 
vajMr in the air is not so great as the maximum amount possibir. The 
ratio between the water vapor actually present and the total possible 
amount at a given temperature is called therdattve Aumielity; the ratio 
of the mass of water vapor to the total mass of air is called spcdfic 
httmidtiy. Relative humidity is measured in percentage: saturated air 
has a relative humidity of 100 per cent; air with half as much water 
vapor present as might be there has a relative humidity of 50 per cent. 

14. Condensation of Moisture. In a mass of rising air the tempera¬ 
ture is lowered at the adiabatic rate; and as the temperature decreases, 
the relative humidity, but not the specific humidity, increases. Eventu¬ 
ally a level is reachcti where the relative humidity ts 100 per cent. As 
cooling continue^ the water vapor is now ready to condense into liquid 
form. Condensation must take place around some nucleus. As a matter 
of fact, in the earth's atmosphere there is no lack of minute particles, 
so that condensation can take place at once when the air reaches the 
saturation point. Condensation and the formation of clouds in nature 
are produced only by the cooling of moist air, 

15. Evaporation. The evaporation of water takes place when the 
relative humidity of the atr into which the water is evaporating is less 
than 100 per cent. It increases in rapiditv as the relative liumiditv 
becomes lower. Water vapor can therefore be picked up rapidly by 
masscs of descending air, since in them the temperature is constantlv 
rising and the relative humidity faliing (although, if evaporation is 
going on. the specific humidity is increasing). Evaporation is more 
rapid from warm-water surfaces than from cold-water surfaces it is 
more rapid over fresh water than over salt water, and it is more rapid 
in windy places than in places where the air is still. 

16 . Precipitation Precipitation includw three forms: rain, snow, and 

hail. Ham falls when the drops of condensed moisture become larec 
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enough to fall through the asceniling air currents. When the drops of 
water blown upivard in the air currents reach temperatures below the 
freezing point, hall is formed. When the condensation takes place 
below the freezing point, snow crystals arc formed. 

The causes of rain arc the same as the causes of condensation (sect, 
14), although condensation may, of course, proceed only far enough to 
form clouds from w hich no precipitation takts place. In nature rain is 
caused almost exclusively by the cooling of moist air. Furthermore;, the 
cooling of air is most cHcctively, but not exclusively, accomplished by 
upward movement (sect. 7). Air may be caused to rise by the conver¬ 
gence of air masses in motion, especially by the rapid convergence upon 
a center of low pressure; or it may be forced to rise as it moves onto the 
shore of a continent or over a range of mountains. Unless the air is 
w'arm and moist, however, rain will not be produced under cither of 
these conditions]; for the condition which would produce a rapid rise 
in buoyant air would cause only a sluggish rise, if any, in cold, dry air 
(sect. 8). 

Conversely, the lack of rain in a given area is the result either of the 
prevalence of descending and warming air masses or of remoteness 
from the sources of moisture, or both, 

11. The Physical Bases of Cli matte Differeficcs 
on the Earth 

17. The Controls of Climate. The controls of climate may be grouped 
under seven headings: latitude, land and water, pressures and winds, 
cyclonic storms, ocean currents, mountain barriers, and a group of other 
minor controls. 

18. Ladtude, Because of the decrease of insolation with increase of 
latitude (sect. 2), there is a general decrease of air temperature toward 
the poles. However, this arrangement of temperature is much modified 
by other controls, not only seasonally but also in the average annual 
condition. Even the annual isotherms (lines of c<^ual temperature) do 
not cross the continents parallel to the lines of latitude (Fig, 5J). 
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19, EHstribution of Land and Water. The dijffercntlal heating of Jatid 
and water is of chief importance in modifying the effect of latitude as a 
control of eJimate (sect. 3). An important distinction is recognized be¬ 
tween marjttc and continental climates. Marine climates are character¬ 
ized by smaller annual ranges of temperature, retarded maximum and 
minintum of temperature (that is, the maximum occurs in August or 
later in the Northern Hemisphere instead of in July), greater cloudi¬ 
ness, and a tendency toward fall or winter maximum of rainfall. Con- 
tinetital climates, on the other hand, have relatively large ranges of 
temperature (in other words, hotter summers and colder winters at the 
same latitude), the maxima and minima of temperature are not re¬ 
tarded (that is, they come in July and January, respectively, in the 
Northern Hemisphere), there is Jess cloudiness (especially in winter), 
and the rainfall shows a tendency toward a summer or late-spring 
maximum. 


20. Areas of High and Low Pressure (Plate 25). Areas of high or low 
pressure develop over various portions of the earth’s surface and remain 
there permanently or change with the passage of the seasons. Perma¬ 
nent areas of higli pressure develop over those portions of the earth 
which remain throughout the year relatively much colder than neigh¬ 
boring areas in the s.imc latitude. Such areas arc located over the eastern 
sides of the oceans at about latitude 30* north and south and also over 
the icecaps of the polar regions (Greenland and Antarctica). The pres¬ 
sures over the continental regions of the middle latitudes change sea¬ 
sonally: cquatorward of 40° during the summer months the lands 
become much hotter than the neighboring oceans and build up low- 
pressure centers; but during the winters these lows arc dissipated, and 
where broad land masses extend far into the higher middle latitudes 
(poleward of 50% as in North America and Eurasia) they become 
much colder than neighboring water bodies of (he same latitude and 
develop winter high pressures. 

21. General Circuhition of Air (Plate 26). There arc three elements 
in the general circulation of air on the earth: (1) the oceanic whirh\ 
(2) the momQons% and (3) the polar ontburm, 
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The air moves around the permanent oceanic highs in great whirls. 
Because of the location of these highs about latitude 30“ over the oceans, 
the air in the low latitudes moves generally from the cast, and the air 
in the middle latitudes moves generally from the west. Over the bor¬ 
dering land masses the air over the east coasts in lower middle latitudes 
is moving poleward, while the air on the western sides is moving 
equator ward. Traditionally the easterly winds of the low latitudes arc 
knowTj as tfad( ti>jndif and the westerly winds of the middle latitudes 
arc known as tifesterlies^ These winds are best developed over the 
oceans. The zone of high pressure about latitude 30* is known as the 
horse latitudes. The belt of calms along the equator where the two 
oceanic whirls converge is known as the doldritm belt. 

The coasts of large land masses in lower middle latitudes and higher 
low latitudes which face toward the equator develop great seasonal 
differences between the temperatures and pressures over the land and 
over the water (sect. 3). Along these coasts, therefore, the oceanic 
whirls are interrupted by monsoons—winds which blow for six months 
in one direction and for six months in the opposite direction. These 
winds arc onshore in summer and offshore in winter, dcdecced to the 
right or left according to the hemisphere. The greatest monsoon area 
of the world involves the whole soutli-facing coast of Asia and the 
north-facing coast of AustraUa. A monsoon tendency, subject to occa¬ 
sional interruptions, occurs also along the cast coasts of continents in 
lower middle latitudes, where the oceanic whirl is made stronger in 
summer and is replaced by offshore winds in winter. 

The polar outbursts are generated in areas of cold air accumulation. 
These are chiefly the permanently kc-cosxretl lands—Green land and 
Antarctica—and to a lesser extent the polar ocean, and the snow- 
covered surfaces of the northern continents in winter. G^ld air accumu¬ 
lates under conditions of clear skies and an absence of surf.icc winds. 
When conditions permit, the cold air is heavy enough to move away 
from the center of accumulation. It moves in all directions from the 
center, but chiefly toward the nearest area of low pressure, that is, the 
nearest warm area. Frequent outbursts therefore take place southeast¬ 
ward from Greenland to the North Atlantic Drift (Plate 23), Over 
the land these outbursts are known as Polar Continental air masses. As 
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each puff of cold air moves souihward over the northern conciticnts it 
is warmed in its lower layers and is gradually pushed eastward in the 
stream of the westerlies. The cold air masses come farther and fanher 
south as the Northern Hemisphere winter proceeds because they can 
move over previously snow-covered surfaces and so arc to a less extent 
warmed in their lower layers. The cold waves which reach farthest 
toward the equator come in late winter and move over largely snow- 
covered lands. In summer, the cold air masses are quickly warmed and 
cannot push so far into the stream of the oceanic wltirls. Cold ^ 
masses, being heavy and lying close to the earth, are to a much greater 
extent guided by terrain features than are the warm mr masses of 
tropical origin. Also the deflective force of the earth’s rotation has less 
eUcct on these moving masses of heavy air than on lighter tropical air, 
and consequently they move nearly at right angles to the isobars. For 
this reason the high pressure.^ are speedily reduced, and the outbursts 
are pulsatory rather than continuous. 

The actual wind in any one locality may be the result of the inter¬ 
action between all three of these major systems. Cold air masses, per* 
haps ntuch motUfled In their lower layers, penetrate far toward the 
equator. They push all the way across North America to the Carib¬ 
bean; and one c.xccpt ion ally strong polar outburst from Antarctica in 
1942 brought temperatures in the 40’s to the Amazon across the central 
low'lands of South America. It is important to note that only the cold 
air masses w'hilc they arc still cold and heavy can move for long dis^ 
tan CCS in nearly straight lines. All other air masses must move in 
curvxd lines under the action of the earth’s deflective force, except 
within about 10“ of the equator. So it is that easterly wiruls can cross 
northern South America and bring rain to the eastern slopes of the 
Andes. In the middle latitudes air masses moving onto the land from 
warm water areas cannot carry moismre (o the continental interiors, 
which consequently remain dry. 

22, Cyclonic Storms. It Is chiefly the interaction between the air 
masses which form a part of the oceanic whirls and the air masses 
originating as polar outbursts which produces cyclonic storms. The 
term "cyclone” is applied to any whirling storm. In the tropics, on 
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the eastern sides of the continents poleward of 10', violent whirling 
storms known as hurni^anes or /ypAoorij someiintcs develop and 
move along in the general stream of the occank whirh Very violent 
local whirls of air in mtd-latitxide plains sometimes develop out of 
thunderstorms. These are These arc all special kinds of 

cyclones—and in the popular vocabulary the word "cyclone'" usually 
applies to such very violent storms. But meteorologists use the term 
'"cyclone” also to apply to the much less violent whirling storms which 
develop normally and fretjuently along the fronts of advancing cold 
air masses* 

As the cold air masses originating as polar outbursts arc projected 
into the stream of relatively warm light air of the cjceanic whirls, they 
become separated from the source region and proceed as homogeneous 
bodies of air shaped much like drops of water running on an inclined 
surface: they arc steep in front, rounded on top, and trail our behind. 
The lighter winds of the westerlies ride up over the backs of these coki 
air masses^ the rising air forming clouds and [perhaps bringing rain in 
the process. But the warm light air forms eddies around the front of 
the cold air mass, eddies which circulate counterclockwise in the 
Northern Hemisphere anti clockwise in the Southern Hemisphere. As 
the eddies form on the cold front, the cold air mass moves forward, 
pushing the eddy itself aloft. The result is strong, shifting winds^ much 
cloudiness, and heavy rains* Along the immediate cold front thunder¬ 
storms develop in summer when the air of the oceanic whirl has a high 
temperature and carries much water vapor* In winter the advance of 
the cold air mass is marked by tlic familiar signs of an approaching 
storm—cirrus clouds, then stratus clouds forming a gray pall over the 
sky, then dark nimbus rain or snow clouds. The blizzards of the plains 
of North America arc carried along by the front of the cold air through 
w hich snow b falling from aloft. Then the clouds are sw^pt away and 
rhe weather becomes clear and cold. The alternation of warm, 1mmid 
air of equatorial origin and clear, cold air of polar origin provides the 
rapid and extreme w'eather contrasts which are so characteristic of the 
middle-latituile climates. The accompanying figure (Fig. 224) shows 
the sequence of conditions during the advance of a cold air mass across 
North America* Since these cyclonic storms produce large-scale up- 
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drafts of air, they arc major causes of heavy rain fall, especially where 
the lighter air which they meet is already carrying large {Quantities of 
moisture. 

23. Ocean Currents (Plate 23). The drculation of water in the oceans 
(sec Appendix D, section 3) brings uarm water into higher latitudes 
and cold water into the lower latitudes, and is therefore of great im- 
portance in producing the temperature differences which, in turn, 
maintain the system of pressure and winds. The arrangement of 
the warm and cold ocean water with reference to latitude and the 
continental coasts is a major factor, also, in determining the supply 
of moisture. 

Where warm water closely approaches very cold lands there is a 
frequent and often violent movement of cyclonic storms. The world’s 
stormiest ocean ts in the higher middle latitudes of the Southern 
Hemisphere surrounding the icc-covcred Antarctic continent. Very 
stormy, also, are the warm waters south and southeast of Greenland, 
and those which approach the coldest part of Siberia in the North 
Pacific. These are all regions of maximum cyclonic activity and so of 
frequent and violent weather changes. 

Since cold water yields little moisture to the air (sect. 15) and since 
the cooled air Is sluggish and heavy, the coasts which have cold water 
to windward of them are commonly dry. Since cold water occurs on 
the west coasts of tlie continents from about 15’ to 35“, this is also a 
region of low rainfall—especially the center of the belt between 20" 
and 30®, where the land is arid. Warm ocean water, on the other hand, 
is the one major source of moisture in the air, anti lands which have 
warm water to windward arc usually wet. 

These relationships can be seen clearly by comparing the maps of 
rainfall, winds, and ocean currents (Plates 23, 26, and 27).’ 

24. Mountains. Mountains produce important local differences of 
climate. Updrafts of air through mountain valleys result in bringing 
more rain to mountainous areas than to neighboring lowlands. How¬ 
ever, the effect of mountains in producing rain depends to a large 

^See i'^crcncc pp. 599 B. 
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Jegrc£ on the character of the air which blows against them. Cold air 
can rise only slugglsJtly, if at all, and may produce only a low stratus 
cloud, as along the Peruvian coast- The heaviest rains in the world, 
however, arc received on mountain slopes which lie in the path of 
warm, buoyant, moisture-laden air (sect. 8). 

East-west mountain ranges act as temperature divides as well as 
rain-producers. If tlie movement of north or south winds is prohibited, 
the lowlands on the poleward side of a mountain range are made colder 
than they wouhl othcrw-isc be, and the lowlands on the cquatorward 
side are made warmer, 

25, Other Lesser Controls of Climate. Local climates arc affected by 
other lesser controls. Forests moderate the temperature sotnewhat- 
Thc effect of forests cm rainfall has been greatly exaggerated; rainfall 
is produced by forces which can be affected by the vegetation to only 
a very minor degree. Evaporation is greater over a forest than over 
bare ground, so that a forest cover permits the moisture from the ocean 
to penetrate farther inland than would be the case if no forests were 
present. Rut agricultural lajid is probably fully as elfcetive as a forest 
in providing moisture for evaporation. 

Among the many other minor controls affecting temperature and 
humidity arc soils, and even the works of man, such as cities. 


///. The Koppctt Classification of Climates 

26. The Kdppen classification of climates is a quantitative system 
based on monthly and annual means of temperature and rainfall. Un¬ 
like many other climatic classifications, the lines which are used to 
limit the climatic types are given exact de Bn it ions and so are subject to 
checking and revision on the basis of new data. The boundaries, being 
isarithms (that is, connecting points of equal value), rev'cal the arrange¬ 
ment of the climatic elements much as contours reveal the shape of a 
hillside. The direction of greatest climatic difference is always at right 
angles to the boundary lines. The values which arc used in the dcBni- 
tions of these boundaries are based on temperature, on precipitation, 
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or on combinations of these. This Is not only because temperature and 
rainfall are among the most important cUraatic elements but also be¬ 
cause these data arc the only ones which arc available for a large 
number of stations throughout the world. The Kbppen system has 
become an international standard, and therefore it is presented in this 
book without modification. 

27. The History of the Cbssihcadon. Dr. Wladtmir Kdppen spent 
more than fifty years of his lifetime in the development of the system 
of classification which bears his name. His first attempt at a world 
classification included only temperature distinctions.^ In 1900 tempera¬ 
ture and moisture were both considered.* Eighteen years later a revised 
statement of the climatic classification was published, this time in es¬ 
sentially its present form.' With minor variations of definition, the 
system formed the basis of a book on world climatology, published in 
193.* Important revisions were introduced, however, on a wall map 
published by Kiippen and Geiger in 1928. On this map certain changes 
in definition were made which were later discarded. The wide use of 
the wall map and the reproduction of its lines and definitions elsewhere 
have led to considerable confusion. In 1931 a second edition of 
Kdppen’s book was published, with still further revisions.* This last 
publication remains the latest pronouncement, and the definitions 
contained in it are being used in the preparation of a liandbook of 
climatology.* 

28. Main Outlines of the System. Koppen recognizes five major divi¬ 
sions of the world s climates. These divisions were in tent lev! to corre- 


*W. Koppen, "Die Warmr^onen dtr Erdc, fiadi der Dauer dcr licissett. 
und kalieti 2tit, und nach dci Wirkung der Wjrtneaiif dir organischc W dt betraehiet, 
Mfftofoiepfeht Zti/ifiriil, Vn\. I yp. 215^27&. 

*Hnd. "VcTiuch ones Klatsiiilkation def Kli/nalcw vprxugjwdw n.ich ihren liisde. 
liutif^en jtur PRan-ienweti," CtogrupAiitlte Ztitichhjtt Vnl. rt (1900), pp, S93-6U, 

*[bia. "Klaisifikatioji der Klimjie naeh Teroperatur, NIedersehUg, und Jahrelauf,* 
PtUrmann's htittfilungen, VoL W {19IS), pp, 24i-24'li. 

*(l»Ld. Die KUmate der Erde^ Etw lin, 192i 
''Ibid. Grttndriit der Berlin, 1931. 

'W. Koppen and R. Cdgci, H^ndtuieii der Kimmalogie (in five volumes Hy i%trious 
authors, still inwmptrte beeause of ibe duruption of Gerituin sciertve b>' U'nrld War II). 
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spond with A. dc Candolle’s ftvc principal vegetation groups.* The five 
climatic divisions, identified by capital letters^ are: A, rainy climates 
with no winters (no cool or cold season); B, dry climates; rainy 
climates with mild winters; D, rainy climates with severe winters; and 
Ef polar climates with no warm season. 

These various major categories are then subdivided. The 5, or dry 
climates, arc separated into semiarid, (S from the word steppe^ or 
dry grassland), and arid, BW {W from the German Wiiste, meaning 
’’desert”). The polar deserts, or E climates, are subdivided into the 
marginal or tundra type, ETt and the climates of continuous frost, EF. 
The rainy climates, Ay C, and Dy are subdivided on the basis of the dis¬ 
tribution of rainfall through the year. Those with no marked dry 
seasons are identified by the small letter f (from the German jeuchty 
meaning "moist”)^ those with winter dry seasons are Indicated by the 
small letter Wy and those with summer dry seasons are indicated by 
the small letter s' 

Still further subdivision is made on the bases of other significant 
features of temperature and rainfall (sect. 30). 


29. Procedure in Classifying a Climate. Since all these various letters 
have quantitative definitions, it Is possible to determine from the statis¬ 
tics of temperature and rainfall the proper symbols to describe a climate. 

de Cafiddtfp "Cumtinilion h regne vegftaJ dcs grqajpcs phjnioldgiqucs ap¬ 
plicable a la gaigraphie ancienne ct miidtrrtc,” yirrhhci i/w jrf'rnm atom's d naiu^ 
Geneva^ 1^74. 

[>: Cindollc ra:Q|»nixed as bis five planl groups- (I) megathermi, pbnts needr 
ing continuously high temperature and abundatit mDisUire: (2) xemphytes, pbors vkhich 
trilcrate dryness and n«d at t™t a short hot seaiion; (3) mesotherms, plants nnding a 
moderaie amount of heat and a moderrate supply of tnqiscurc; (4) mlopuhcrmi, pbnis 
needing fcis heat, lea moiiturc, and Tolerant of shorier lummcri and colder winicfs; 
0) hciistotheims, plants q( I he polar zone beyond the i smite of the forest It b now recog¬ 
nised due thif classlfieatiDn of planes is t^utlc inadc^uaEc. Any t bssiheadon of clunalcSp 
however, would mognlzc Koppen's bisk categories, m that this Isistorloil rebtion to tk 
Candolle is irrdcvanL 

’Note that there u an unpciftanE diidncdoi^ between capital and small letTcrs, Capital 
1*^ aitd capital S arc lued only wjili the B dimaics; small and iJnall j arc used through^ 
iiut the system. In every ci.w to indJcale the prcienire of a dry- scainn. ^rnibrly, F is used 
only tvish H eliirutef and nni^t not be confosetj. with It, Is important^ in writing the 
cliTuade fSTubotj. to dlstinguidi Carefully between capital and small \ctvai, 
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CJimaxic data for numerous iitation^ are given in Appendix E. The fol¬ 
lowing procedure should be U5ed in the classihcation of each station: 

L Is the station E? If so^ is it ET or EF? If not— 

2,1s the station E? If so, is ii BS or BIP? If one of these, wh^tt 
letters must also be used? If uot^— 

3- Is it A, C, oi Df If is ii or If one of these, what other small 
letters must also be used? If is it /+ fy or and is it h, or r? 
What other small letters must also be used? ff Dj is ii 
is it Up e, or iif Whac other small letters must also be used? 

30. Ikfinidon^ of the SymbaU* The following definitions are ar¬ 
ranged under the five major types and in the order E, 5, Cj and D. 
The figures are given in Falircnheit degrees and inches,, tvith the equiv¬ 
alents in centigrade and centimeters given in parentheses/ 

E Clikiates 

Er warmest month b^low 50“ { 10'^), ET: warmest month below 50® (10'') and 
□bose 32'' (0''). EF: warnriest month below 32° (0°). 

B CuiMATti 

Several rormulac arc used to identify the dry climates. This is necessary because 
the ciTccliveneis of the rainfall in providing moisture in the ground for plants varies 
wi[h the rate of evapration, which, in turn, varies with the icnipcrature and with 
the other elements previoudy listed (sea^ 15), The formulae for the idenEiBcation 
of the semiarid and arid dimatw must therefore take into aecoum the total annual 
taiufall and the tcmpcraiurc, and they must abo show that If the rain eomes ehiefiy 
in the hot season ili cffeedvcncs* b decreased^ and that if it comcj chiefly in ihc cold 
season its effectiveness is increased. 

The phrase ‘'chiefly in summer" is interpreted as meaning that at least 70 per 
cent of the lOiaS annual rainfall comes in the summer sis: months (April to Sepiem- 
Ixfj inclusivcp in the Northern Hemisphere). "Chiefly in winter'’ means that at 
least 70 per ornt comes In the wHrtter six months (October to March^ inclusive, in 
the Northern Hemisphere). If less than 70 per cent is concentrated in either six- 
month period^ then the rainfall is said to be evenly distributed.^ 

iDrfiriitions from reference 7, pp. 127-136. 

^Krippen^i text is not deHnitc concerning the eatact meaning of ^'chiefly in summer'' 
etc. Many writers use the same deflnition of aununer rain a« is used for the identifleation 
of u* with C and D climates (ten tima as much ram in the ralnicsE summer rnniitfi as in 
the driest winter month). The most adequate definition hitherto suggenred lias been 
worked out by Russell, who recognizes nine rainfall regtities insis.d of only three (R_ J, 
Russell p Dry ClirtMli'f of rAe Vnitrd Stands, I, Chmaiic Map, Umversity of California Pub¬ 
lications in Geography, Vol. .5 (I9J1), pp- 16-22), 
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There iire isvQ set^ of formube. One set givei m ihc humict limits of the drv 
dimaics, 8S/?i; the other set gives us the limits between arid and scniiaridp 
BW/BS, There are three fornmlac in each sec—one for evenly distributed rasiip 
one for summer rain, and one for winter rain. 

In these formulae r is die amount of rain which marks the humid boundary 
of the B climates, the amouni of min less than which is considered deficient' r' is 
the amount of rain which marks the limit bctwTcn and and semiaridr less chan 
which is considered ariU^ i is the average annual temperature. The formulae are 
based on an empirical relationship between the icmperature in degrees centigrade 
and the rainfall as measured in centimeters. They can therefore be used only with 
centigrade degrees and centimeters. 



ES/ff 

BW/BS 

Rninfiill i^^lv distributed., 

JlniiirfiJl chiefly in summer 

HAiufAll chiefly in A^ter ........ 

r = 2(i + 7) 
r = 2((+ 14) 
r = 2t 

r'-t + li 
r'=t 


These formulae were used in the preprint ion of the numerical tables on pages 
124 anti 535, which are given in degrees Fahrenheit and inches. Table I gives the 
HS/H boundary; Table II gives the BW/BS boundary/ 


The following small letters arc also used with the BtV and BS 
climates; 

k: average annud temperature over 64.4* (18^). 
a.verEige annuil tcmpctiliure under 64^4® (18*). 
temperature of the warmni month under 64,4* (13*). 

#: indicates that at least 70 per cent of the rain falls b the winter six montiu. 
tv: indicates that at least 70 per cent of the rain falls b the summer six months, 

(TIjc abiicncE of iur k' indicates tliat the rainfall U csenly dUtributed.) 

Letter Comhiaations in ike B Climates' 

BSk. BSks, BSkta; BS^s, BSI^tv: BSJ(\ BSJ(»r 
BWh.BWhs, BWkw;BWh^EWf^s, BWk,ufiBWf(, 

(ITtc small letter n h somcdnics added to thtae lo indicate the presence of frequcni 
fi^i. This letter, howeia', is oat given exact dchnttioa and cannot be identified frore the 
cEimaUf: data givci) in, thu book.) 

J CUMATES 

A: temftetature of the coldest month above 64.4* (18°). 

/: rainfall of the driest month is at least 2.4 in. (6 cm.). 

‘Tltese tables were prepared by Dr. Hctiry M. Kendall, 
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m: ihort ilry scsisan but h compcasaicd by heavy rams <]iiriri^ the 

rest of ihe year {see «'). 

«/: dry season cxbcs ivhkh h oot compcnsaied by tiios durlpg the rest of 
the yMr. The dry season comes during the loiv^sun period of the 
hemisphere^ 

w*: used ii die rainfall maximum oimcs id autumn of the hemiiphere. 

W'": Uied if there are two distinct maslma of rainfall, scparaied by wo dry 
Seasons. 

s: used when the dry season comes during the high-sim period. 

The distinction between m and {w\ ti/"\ and s) depends upon the amount 
of rain in the driest month and the totaJ annual rainfalh As the total annual ratn- 
fal] inereasesp smaller and smaller amounts of rain in the driest month can be com¬ 
pensated. If the total annual rainfall is 100 Lnehes (exactly 9S3 iii*)+ one month 
ran be completely dry and still merit the iymbol m; or if the total annual rainfall 
is 200 inches, two months can be entirely dry. The distinction between m and h' 
is given in the table on page 526^ in which die amount of rain in ihe driest month 
varies inversely with the total annual rainlall. If the rainfall of the driest month is 
less than the amount shown in the second column, the symbol w {w\ or or f) 
P 5 used- if the rainfall is more, but less than 2.4 (/)+ the symbol m is U5cd4 

After jf Of m the letter u\ or i is somciimes used to indicate the season 

of less rain. 

j;" ninge of temperature between the coldest and warmest months less chan 

9^ (r). 

g: hottest month comes before the sobtice. 

Leittt Com&imliom in the j4 

Afm s) 

Am. Amly Ainu^i {£i/\ fi/\ j) 

Ah^, Aufi Ati/\ Afi/\ Af ({): Au% An^gi, etc. 


C CctStATES 

Cl temperature of the coldest month below 64(IS"^) but above 26£° ( — 3‘^)^ 
temperature of the warmest month over 50' (10^)+ 

/; no dry season: dl^crence between rainiest and dri^t month less than that 
required for j or k^; or, in the case of winter rain and iummer drought, 
drint month of summer receives more than 12 in, (3 cm.), 
s: dry season in summer; rainiest month of winter receives at least three 
rimes as much rain 35 the driest month of summer, and the driest month 
of iummer receives less than l-Z in, {3 cm.). 

^Tlse table was prepared by Dr# Henry M. KendalL 
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Tabli Jl. Foa TifE Det£»mi?!atji)jj uf thi; BfV/BS 


ATXuaic A?cirv4L 

T£MPCHA.TDJMt 

At Leapt Peb Celtr 
tH Wijr™ 

Errm QipnuBiTnD!i 

At Luamt 70 Pm Ciw 

IK 

1 

.00 

2,76 

5.51 

33 

.22 

2.98 

5.73 

34 

.43 

3.19 

5.94 

35 

,66 

’ 3.42 

0.17 

35 

.87 

3.63 

6^ 

37 

L09 

3.S5 

6.60 

3S 

1-31 

4.07 

0,82 

3d 

1.53 

4.29 

7.04 

40 

1.75 

4.51 

7,26 

41 

1.97 

4J3 

7,48 

4S 

2.19 

4.95 

7.70 

43 

2.41 

5.17 

7.92 

44 

2m 

5.39 

8.14 

45 

2M 

5,60 

3.35 

46 

3.00 

5.82 

S.57 

47 

3.2S 

6.04 

8.79 

4S 

3.50 

6.26 

9.01 

40 

3.72 

6,48 

9.23 

50 

3,94 

0.76 

9.45 

51 

4.16 

0.92 

9.07 

52 

4.37 

7.13 

9.88 

53 

4.S9 

7.35 

10.10 

54 

4.81 

7.57 

10.32 

55 

5.03 

7.79 

10.54 

56 

5.2S 

8,01 

10.76 

57 

3.47 

Sj23 

10.08 

5S 

3.69 

8.45 

U.20 

59 

5,91 

8,67 

11.42 

ao 

6.13 

8,£^ 

11.04 

ei 

6.34 

9.10 

11.85 

02 

6.56 

9.32 

1207 

63 1 

678 

9.54 

12.29 

64 

V.OO 

976 

12.51 

65 

7.22 

9.98 

1273 

{ 60 

7.44 

10.tKJ 

13,95 

67 

7.65 

10.41 

13.10 

63 

7.^ 

10.63 

I3.3S 

69 

8.U9 

I0,S5 

13.60 

75 

B.3i 

IL07 

13.82 

71 

S.53 

11.29 

14.04 

72 

8,75 

11.51 

14.20 

73 

8.97 , 

UJ3 

14.48 

74 

9.19 

11.95 

14.70 

75 

9.41 

12.17 

14,92 

70 

9.02 

12.38 

15,13 

77 

9.84 

12,60 

15.35 

7S , 

10.06 

12,82 

15.57 

79 

10J38 

13.01 

15.79 

80 

1D.50 

13.26 

16.01 

81 

10.72 

13.48 

10.23 


10.94 

13.70 

16.45 

S3 

lUS 

13.91 

1660 

84 

11.37 

14.13 

16,88 

85 

11.59 

14,35 

17.10 
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Table ffl. Fob the Determination op tkb Am/Atv Roi'niiary 


VlAmLT 

m {itCKH 

EAUTFaLI. w 
DiUEfl/T ^0!fTa 
IH Jkcuju 

YEjlllI.T 

EAJirrAax 

1 tit IircrsEfl' 

QW 

Dfilw Mh^Ktu 
uc 

1 YiLLhLT 

1 £K I^lll|» 

HaixTAXL □« 
Mqhtii 

ui 

39.0 

2.36 

50.5 

L56 

795 

.76 

10 

2.34 

60 

1,55 

1 ^ 

.74 

40.0 

2,32 

ao.5 

L53 

80.5 

,72 

41 

2.30 

61 

1,51 

81 

.70 

41.2 

2.29 1 

6l.fi 

1.48 

81.5 

.63 

42 

2.28 

62 

L47 

1 82 

p66 

42J 

2.24 

62,5 

1.46 

82.6 

.63 

43 

2.22 

63 

' L42 

S3 

.61 

43.5 

2.20 

63.5 

1.41 

83x5 

,59 

44 

2.1S 

64 

1.33 

84 

M 

41x5 

2.16 

64.5 

1,36 

54.5 

.56 

45 

2.14 

68 

1.34 

85 

,54 

45,5 

2.12 

65.5 

1,33 1 

85,5 

.51 

4^ 

2.10 , 

66 

1.30 

86 

.50 

4C.5 

2M 

66,5 

L28 

36.5 

,43 

47 

2.07 

67 

1.28 

87 

.46 

47.6 

2.04 

67.5 

1.24 

S7.5 

.44 

48 

2.02 

6S 

1.22 

8S 

.42 

4B.5 

2.00 

68.5 

L20 

88.5 

.40 

49 

IM 

89 

LIS 

89 


49.5 

1.96 

ms 

1.15 

39.5 

,36 

50 

1.94 

70 

L13 1 

DO 

.34 

50.5 

1.92 

70x5 

Lll 

90.5 

.32 

51 

1.90 

71 

1.10 

9L 

.29 

£1.5 

1.8S 

7L5 

1x03 

91.5 

.23 

52 

I.S6 

72 

1.08 

92 

.28 

52.5 

1.35 

72.5 

im 

92.5 

.24 

53 

1.S2 

73 

L02 

03 

.22 

53.5 

1-50 

735 

LOO 

03.5 

.20 

54 

L7S 

74 

.08 1 

94 

,18 

54.5 

LT7 

7L5 

.06 

04,5 

.16 

55 

1.75 

75 

.94 

95 

.14 

56J5 

L73 

75.5 

.92 

95.5 

.11 

56 

1.70 

7i 

.90 

96 

.09 

56.5 

L68 

76.5 

.38 


.07 

57 

1.88 

77 

pS6 

97 

.06 

57.5 

53 

1.84 

1.83 

77.5 

76 

,84 

.81 

97.5 

93 

.04 

.02 

58.6 

LOO 

7SS 

.SO 

98,5 

.00 

59 

1^ 

79 

,78 
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.APPENDIX B ^ THE atmosphere 


tp: dry scdfon Ln wiDicr; rainim mQnth af ^umnicr receives at least ten times 
as much raifi as the driest month of winter* 
a: hot summers; icmpcratum of the warmest month over 71,6'^ (--*)■ 
cool summers; temperature of the warmest month under 7L6° but 

with at least four months above 50^ (10'^)+ 
c: coolt short summers; only one to three months above 50^ (10°). 

/: range of temperaiure between the coldest and warmest months less than 

r (5°). 

g: hottest month comes before the summer solstice. 

?: hottest month tiebyed until autumn. 

x; maKimnm rainfall in spring or early summer; bte summer dry« 

/: maximum rainfall in aniumn. 

(fl is used, as ehewhcrc^ to indicate frequerc tugs.) 

Z-fZ/rr Comdifiatiom in the C CUmaics 

CM C/i, Cfc; CfK Cfa, Cfx 
Csa^ Csb; Csi?£'n, C/ 

Ca'fjy Cwb; Cwg 


D Cluixtes 

D: temperature of ihc coldest month below' 26v6^ ( — 3°), and icniperature of 
the warmest month above 50*^ {10^)* 

/, /, and UK defined exactly as In the C climates. 

Ap €: defined exactly as In the C climates. 
d: temperature of the coldest month less than — 36.4* { — BS"")* 

Letia^ Combinaihm in ihc D Climates 

Dfa, Dfb, Dfc, Dfd 
Dsb 

Dwa^ Dufby DafC^ Dt4/d 
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C • THE LITHOSPHERE 


L Tectonic Forms 

I. The Earth’s CrusL The geologists recognize three major types of 
rocks which make up the solid crust of the earth. There are the igneous 
rocks, which have cooled and solidified from a previously molten condU 
tion. These are crystalline: coarsely crystalline where they have cooled 
slowly at great depths below the surface; finely crystalline, or even 
glassy, where they have cooled more rapidly near or at the surface. 
There are many kinds of igneous rocks, depentling on the minerals in 
them. Sedimentary rocks make up the second major type. These are 
derived from the erosion of earlier rocks and were accumulated as un* 
consolidated deposits cither in the water or on the land. The deposits 
range from coarse material to fine: gravels, sands, and muds. In the 
course of time and deep burial under later desposits, the layers of gravel, 
sand, or mud were gradually consolidated into rock: into conglomerate, 
sandstone, shale, or limestone. The third major division of rocks in¬ 
cludes those which have been altered from either igneous or sedimen¬ 
tary types as a result of pressure or heat, or both. These arc know-n as 
met amorphie rocks. Such a process rearranges the crystal structure of 
[he igneous rocks into more compact forms. Similarly, the individual 
rock particles of the sedimentary strata are melted and solidified again 
as tightly fitted crystals. The result in either case is a rock mass which 
is more compact and more resistant to the processes of erosion. The 
coarsely crystalline igneous rocks are changed to gneiss, sandstone to 
quartzite, shale to slate or schist, and limestone to marble.* 

From the point of view of the effect of these rock types on the shape 
of the surface of iJic earth the most important disrinction is bctwxen 
those which are massive and those which are arranged in layers, or 
strata. Igneous rocks may be either massive or stratified; sedimentary 
rocks arc always stratified; metamorphic rocks may be either. 

*Fot a rtYortf fsajct discu^^n. of rock i^pcs ux Fncnktii i^cxibook m ^icori^tirphology. 
Midi references T4, 21, 27, ami 30. The rtfcrtfice ruunWs refer tn ihc liir ai ihe ertd 
«if thu Lippcndix. 
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2, Deformadon of the Earth’s Crwt, TIic rock crust of the earth has 
been subjected to stresses and strabs throughout geologic history. 
Mountain ranges have been raised up only to be worn down again 
countless times. While certain sections of the lithosphere have remained 
more stable iJian others, there is no part which does not bear the record 
of some deformation. Tlie crust of the earth is raised, lowered, broken, 
crumpled, or folded by these movements. 

Four chief types of ieclotiic forms—^that is. forms produced by forces 
from within the earth—arc recognized. On the spheroidal surface of 
the planet a gentle uplift usually results in the formation of a simple 
dome. This is probably the commonest of the tectonic forms. Some 
mountain ranges arc the result of the erosion of domes (Fig. 225); on 
a large scale the Laurentian Upland of northeastern North America 
represents a dome structure of continental proportions. 

Where the forces which disturb the earth’s crust are stronger, the 
rocks may be crumpled in the process of tleformation. A folded struc- 
mrc is the result of compression which wTinkles the rock strata. Among 
the examples of this are strata with simple, open folds with horizontal 
axes. But there are many examples where the folding has been more 
intense: ss'hcrc the andclitjet, or upfolds, have toppled over into the 
syticlineSt or down folds, or where tlic axes of the folds have themselves 
been warped from the horizontal (Fig, 168). The Jura Mountains fur¬ 
nish a standard example of simple folding, while the Appalachians arc- 
somewhat more complex; and still more complex arc the Alps, which 
arc noted for the complicated distortions of the rock bvers. 

Actual breaking of the earth’s crust is known as ftiulting. This is the 
third chief kind of tectonic deformation. The rock masses mav be 
broken into blocks which arc raised or low-crcd with reference to one 
another. The result is the formation of rtioiititai/is or of rift 

valleyi. These tectonic forms arc repeated in many parts of the world, 
the muldic valley of the Rhine (Fig. 226), Death Valley in California, 
the Dead Sea-Red Sea rift, and the lakes of eastern Africa being a few- 
wcll-know'n examples. Earthquakes arc produced by the slipping 
w'hich takes place along fault lines. 

These tectonic forms arc produced very slowly as measured by 
human time. The old popular phrase "convulsions of nature” implies 
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Eli;, 22 Bioc^ diagrams ilttuiratitig the iandformt (hanKterittietdly asfociated 
u'ith the erasi^T! «/ asirtteiuraldome; (a) it/Aert the roehs exposed in the ceifter are 
relatiirty resistaiit; (b) where the roe^s exposed in the center are relatit'ety tcfea\ 


violent movements, [n the last centuryj howcv'cr, geologists have come 
gradually to realize that sudden spectacular naovements are rare and 
that most of the dcfoimations take place only very' slowly, VolcanoeSt 
however, the fourth type of tectonic form, arc ejuite different. 

3. Volcanoes. There arc two chief kinds of volcanoes. Where the 
tnohen material which pours out from within the earth emerges 
quietly, a broad dome is piled up around the crater or fissure. One of 
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riifti t*rt mts ffttit iwju/Ai* 



Fic. 22rt. ,-t ^tnerdiztd cfcsi SKtian af the rift t/ttiiey of the Rhint <ind the adjoio- 
ing hloe^ rnttuntaiai of tie VofgtJ and the Etaei^ Forest'^ 


the finest examples of the dome polcano is furnished by the island of 
Hawaii, which has been built up by successive Hows of lava to a height 
of more than thirty thousand feet above the floor of the Pacific Ocean. 
Such volcanoes arc not explosive, but the lava in them is of a kind which 
cools slowly and flows great distances after it has reached the surface. 

The second type of volcano is explosive. It builds around its crater 
a cone composed of alternating Bows of lava and falls of ash and dust. 
Of the co^e eolcanoes, Fujiyama in Japan is noted for the perfection of 
its form. The eruptions of cone volcanoes arc violent and destructive. 
Vesuvius, for example, after lying dormant for many centuries, in the 
year 79 a4i. suddenly blew its old cone to pieces and built a new one 
inside the rim of the old one. At this time the neighboring towns of 
Pompeii and Herculaneum were destroyeii, the former being buried 
under from 25 to 30 feet of ash and dust. Another striking example of 
the explosion of a long<lormant conical volcano is that of Kj-akatoa, 
formerly located on an island in Sunda Strait, between Java and 
Sumatra. In 1883, with but little warning, it exploded violently, with a 
concussion which was heard in Australia, 2200 miles distant. About 
two thirds of the mountain was blown away, and the water under the 
spot where the central peak had stood was found to be 1000 feet deep 
after the explosion. Enormous "tidaP* waves produced by this cataclysm 
were very destructive. Dust was blown 30 miles into the air and in the 
course of a few weeks drifted entirely around the world, giving vivid 
colors to the sunset skies. Dust from Krakatoa has been identified on 
the snow surfaces of the polar regions. 

'Based on a iltctch by PentX. from R. D. Salisbury. PAydografihy, New Vork, J9C9. 
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IL Destructionai Forms 

4. The DestructioiKil Forms. As soon as ihc icctonk forces begin to 
raise a portion of the earth’s crust above the sea, the exposed land is 
attacked by various processes of dcsmicdon. Since these processes result 
from the contacts with the atmosphere, the particular combination of 
processes in any one area is largely controlled by the climatic conditions. 
All these processes, however, in the long run have the effect of reducing 
the elevations and Riling the low places of the lithosphere. Erosion 
proceeds by wrathering (rock fracture and decay), corrosion (wearing 
away of exposed surfaces), and Ironsportation (movement of loose 
material). Corraslon and transportation can be accomplished in six 
different ways, each of which produces a peculiar set of landforms. 
These six processes arc (1) running water, (2) direct action of gravity 
on slopes, (3) glaciers, (4) wind, (5) solution, and (6) waves and cur¬ 
rents. We shall consider in turn the landforms produced by each of 
these. 

5. The Products of Weathering, The first step in the wxaring tiown 
of the land is the breaking up of solid rock into pieces under the influ¬ 
ence of the atmosphere. This is known as weathering. It proceeds by 
two different methods: the rocks arc pliysically broken, or disinter 
grated'y or the rocks arc attacked chemically and the minerals are trans¬ 
formed, or decomposed^ Disintegration is hastened by the expansion 
and contraction which come from hearing and cooling, or by frost 
action, or, to a lesser extent, by the prying action of tree roots or the 
burrowing of animals. The physical fracturing of tlic rocks reaches a 
maximum in the deserts, where there Is a great contrast betw'cen the 
temperatures of day and night, and in the polar regions or high moun¬ 
tains, where frost action is most active. Decomposition requires the 
presence of water, ant! since most chemical processes go on more rapidly 
at higher temperatures this type of weathering is most active in the 
rainy tropics. 

The result of w'cathcring is the production of a mantle of loose ma¬ 
terial at the surface of the earth. TIus mantle is more or less thick, 
depending on the strength of the weathering processes, the resistance 
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of the rock to these processes, the length of time the rock has been 
exposed to them, and the rate of removal. Such a mantle of loose 
material is known as regolith. The regoiith which Is chiefly the result 
of disbtegration is generally coarse, whereas the mantle produced by 
decomposition is generally Hnc. 

6. Landfonns Produced by Running Water, fn most parts of the 
world the land forms produced by running water are of dominant im¬ 
portance. Where this is the case the surface features may be described 
under four headings: the valleys, the interfluves, the stream pattern, 
anil the relief. Sections 7 to 19, inclusive, deal with these elements as 
produced by running water, 

7. V^hapcd Valleys. When a portion of the earth’s crust Is raised 
rapidly enough and far enough above the sea, the streams of water 
which flow over its surface cut rapidly dow'nward and headward to 
excavate V-shaped valleys. The slope of the stream channel in such 
valleys is steep and Is usually interrupted by falls and rapids. However, 
as the stream cuts down in the valley bottom, the sides of the valley ate 
changed both by the movement of regoiith on the steep slopes and by 
the headward cutting of tributaries. The transverse profile of the 
valley ilcpcnds on the ratio between the rate of downward cutting of 
the main stream and the rate of vallcy*sidc erosion. Where erosion on 
the valley side is relatively slight, as in the dry lands, the V is narrow 
anil canyon-like; but where the vallcy-w'idcning processes are very 
active, as in the rainy tropics, especially where the forest has been 
removctl, the V becomes broad and open. In all V-shaped valleys the 
stream occupies the whole bottom (Figs. 84, a and 227, a). 

8. Baselcvel and Grade. However, streams cannot cut down their 
valley bottoms indefinitely. No stream can cut below the body of water 
into which it flows; nor can any stream reduce its valley bottom to the 
level of the hotly of water into which It is flowing, except at its mouth, 
for it must maintain a slope on which to flow*. The level below which 
a stream cannot cut at its mouth is knowm as (mcUeel, After the stream 
reaches baselevel at its mouth, little by little It establishes a slope on 
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which it is just able to flow. An equilibrium is reached between three 
variable elements; slope, volume of ^'ater, and load. A change in any 
one of these elements necessitates readjustment of the others to main¬ 
tain this equilibrium- When a stream has developed this balance, ii 
is said (O' be graded^ 

9. Floodplain Scroll Valleys. The valleys remain V-shaped until the 
streams establish grade. But as soon as downward cutting ceases, 
the streams must expcntl their energy in lateral cutting at the base of the 
valley sides. At each river bend the current swings agaiiKt the outside 
bank, and by sappingt or undercutting, it pushes back and steepens the 
valley side. The lateral movement of the river, however, leaves exposed 
a small piece of flat valley bottom on the inside of each bend. The 
first bits of valley fiat to appear are scroll-shaped in outline (Fig. 227, 
b and c). As the river swings from one side of its valley to the 
other, the scrolls appear on alternate sides, each of them isoLatetl by 
the river and by the steep valley slopes behind them. Since these flats 
are submerged during flood water, they are included under the general 
term "floodplain,” or that portion of the valley bottom covered by water 
during flood. Valleys of this kind arc called floodplain scroll valleys. 

10. Floodplain Valleys. All stages of gradation may be scert between 
the floodplain scroll valley and a third type, the floodplain valley. Little 
bv little the valley sides are pushed back and the floodplain scrolls be¬ 
come more extensive. From the somewhat irregular swings of the river 
in its earlier stage, more regular meanders are gradually developed, the 
width of these meanders being proportional to the size of the river. 
Since the meanders tend to migrate downstream, they not only cut 
against the valley slopes on the outside of each bend but tJicy also begin 
to undercut the upstream side of each spur which, in the floodplain 
scroll valley, extends from the valley slope into the inside of each river 
bend (Fig. 227, d). When the spurs are eliminated, the flats lose their 
scroll-shaped outline and becoine continuous, and the river is able to 
meander freely across a wUle and unobstructed flootlplain (Fig. 227, r). 

‘For closiiezl difciuiuiiu of (hcw cnnecpti see rtferences 7 and IS*, fnr nrnre rrwnt 
stiiJics wliicK nvidify many of the ntder ideas on this subject sec references ^ and 13. 
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A number of distinctive features characterize valleys of this type. 
The floolpbin is bordered by sharply defined pa/Uy which arc 

especially steep where the 
river swings against them 
(Fig. 227, /). Since the Eood> 
plain is covered at high water, 
it is built up of the loose silts 




and sands deposited by the 
water and known as alluvittm. 
During a flood the greatest 
amount of deposition calces 
place along the immediate 
edges of the channel, for here 
the largest checking of the 
current is felt. In the course 
of lime the edge of the chan¬ 
nel is built up higher than the 



rest of the plain. These high¬ 
est parts of the flootipbiu, the 
last to be covereti by water in 
time of fiootl, are called natu¬ 
ral htves. Rack from the 



Ftc. 227. 5rwi of dtagr^mr ittuurajing 
tiir naget tn the et'otHtiot) oj a t>uliey from 

v0mh ia oid age 
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channel, near the margins of 
the floodplain, are the lowest 
places—the manket, 

which may remain wet even 
during low water (Fig. 86). 

All these various features 
of river floodplains are ar¬ 
ranged in crescentic patterns. 
Rivers seldom flow in straight 
lines, unless controlled by 
man; on a floodplain thev 
meander, and not uneonv 
roonly ivholc meanders arc 
cut off during high water. 
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and the river channel shifted to another position* As a result the 
typical Hoodplain is marked by a confused array of abandoned channels, 
or oxbow lakes, each bordered by natural levees, and all arranged in 
characteristic crescentic plan (Fig. 87). 

11. Interfluves, During the development of these various types of 
valleys the interfluves also pass through a sequence of forms. At first 
much of the initial surface of the land remains xindissccicd. The land 
between the main V'shaped valleys is flat'topped, anrl the divides be¬ 
tween neighboring streams arc illHldincd or entirely absent- As the 
valleys are widened and as the tributaries cut headward, eventually 
the interfluves arc dissected, and a sharp divide is established between 
neighboring drainage basins. The interfluves are no longer flat-topped, 
but are cut by many small steep-sided valleys, with more or less sliarply 
crested ridges separating them. In the course of time, however, tliese 
ridges are iowered—first by the cutting of the tributaries and later 
by the creep of the loose material which mantles the slopes. Finally 
only low, rounded swells separate the drainage basins (Fig. 84). 

12. The Cycle of Erosion.’ The succession of forms developed during 
the wearing down of an upraised surface toward baselevcl is called a 
cycle of erosion. During such a cycle the landforms pass through stages 
known as yotithy maturity, and oUage. When the streams arc flowing in 
V-shaped valleys vigorously and turbulcntly, and when the interfluves 
arc still flat-topped and the divides ill-deflned, tiie landforms are said 
to be youthful. When grade is established and the floodplain scroll 
valley makes its appearance, and w'hcn the headward erosion of the 
tributaries sharpens the divides so that none of the initial surface is left 
undissected, the landforms are said to be mature. Then, as the valleys 
develop broad floodplains and the interfluves are worn down to low 
swells, the landforms are said to be old. 

Theoretically this last stage of the cycle of erosion, as the land is 
brought closer and closer to baselcvel, U a long one. Land which has 
liccn reduced almost to baselevel but w'hich still has a few remnants of 
erosion, or monadnoct^s, standing above the general surface, is called a 

* Chapter VITI of reference 7, and references and 9, 
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pCRcpiam} The forms of old age normally appear first near the mouih 
of a stream and extend gradually headward. However, studies of land* 
forms indicate that there arc only a few peneplains in existence in the 
world today lying in the position in which they were formed; on the 
other hand, many upraised and dissected peneplains have been described. 
This seems to be an indication that the more recent geologic periods 
have been characterized by considerable instability of the continents, 
and that these have taken on their present outlines only recently, A 
wcihdeveloped peneplain can come into existence only when the land 
stands still in its relation to the sea for a very long period of time. The 
renewed uplift of the land during an incompletcd cycle of erosion re¬ 
sults in the interruption of that cycle and in the r^jitvenaiiof, of the 
streams, which produces youthful forms within the more mature forms. 

11 Associations of VaUey and Interfluve Forms. This simple se- 
tjucncc of landforms is infinitely complicated in fact by variations in 
the rate and bind of cartlt movements, by variations in the rock resist- 
ance and structure, and by other circumstances. Theoretically, for 
instance, there arc nine possible combinations of the three valley types 
and the three interfluve types. Where the uplift of the land which 
initiates a cycle of erwion is slight, so that bascicvei lies only a sliort 
distance below' the initial surface, the streams may develop floodplain 
.scrolls and so advance their valleys to maturity or even old age while 
the central portions of the interfluves remain undissccicd and youtlifui 
(Fig. 221?, a), On the other hand, if uplift is very great or if it is con- 
tmuous, the interfluves may develop the sharp' divides of maturity 
while the streams arc still deepening their youthful V-siiapcJ valleys 
(Fig. 2S, 6) All the various stages between these extremes may be 
observed in different parts of the world. 

H.Some Complex Valley Forms. As a result of various kinds of 
earth movement, or from other causes which wc cannot discuss here 
valli^s of greater complexity are developed. Since the cycle of erosion 
can be interrupted at any stage, valleys may be composite in character 
For example, the rc,uvenation of an old stream remits in the preserva- 

'ChaptET XVft fji reference 7* 
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Don of the meanikrs of old age in the youthful V-shaped valley which 
follows; in oclier vvords^ it results in the dcvtlopmcnt of irt/rcncArd 
meai^ders. Or a wide ma¬ 
ture valley, if rcjuvenate^l, 
may be transformed into a 
valley with an upper flare 
and lower V. On the otlicr 
hand, valleys may become 
aggraded: a decrease of 
slope (by depression of the 
land instead of uplift), a decrease of the volume of water, or an increase 
of load may cause a stream to fill up its valley bottom. Aggraded youth¬ 
ful valleys arc csj^ccially noticeable because of the contrast between the 
steep valley sides and the flat bottom. This is a valley type which is 
very common in the desert, where many streams flow only after a rain 
and most of die time arc dry. 

15. Complex Valleys Produced by Rock Structure. Where valleys arc 
being excavated through stratified rocks of varying degrees of resistance 
the stronger layers project on the vaiky sides as cliffs, [f the strata He 
in a horizontal or nearly horizontal position, the chff atid piatform type 
of valley is produced; if the strata are Lnclincd, the vaileys bctwecii the 
outcrops of resistant layers become asymrfictrjcul. 

16. Interfluve Forms Produced by Rock Structure, The forms of the 
interfluves are similarly affected by the rock structure (Fig, 229). Hori¬ 
zontal strata produce flat-topped interfluves, or meias. Tilted rock 
layers produce rlLlgelite cuestas^ The erosion of a dome structure pro¬ 
duces a scries of infacing cucstas (Fig* 225), whereas the erosion of a 
structural basin produces a series of outfacing cuestas.- 

17. Stream Patterns, The third of the four major headings under 
which land forms produced by running water can be described (sect. 6) 

wriiers prefer to discingviih bctwittn stcq^Iy rttlg«t where the rock 

btTTi arc very steeply iiiclincd are called and ridgci where one ibpe U 

K'arecly geode ii the dip of the rciiitajn siriituiTi. They reserve the rerm 

"cTjRta" for Utii latier type (reference Z7). 



Fic.223. VMihyiind mtcrffuifcpruficf* (a) youtA 
ffil inttrfium and nj&tarc (b) mamrr 

mfcrftin*rs and youiftfai 
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Fig. Z2^, diagrarn iltastraiing the cAaraaerutict of mesas and cuestas 


is the stream pattern. The arrangement of the valleys and interfluves is 
a function of the stream pattern. The commonest type of pattern, 
developed where the rock structure does not interfere with the free de¬ 
velopment of the streams, is dendritic- that is, branching like a tree 
(Fig. 230, n). Around a dome the dendritic pattern can be arranged in 
radial fashion, but elsewhere the main streams may lie roughly parallel 
to one another. The dendritic pattern is first elaborated and later sim¬ 
plified during the cycle of erosion* m youth the main streams are rela- 
tivciy straight, with few and only short tributaries; in maturity the full- 
«t development of the drainage is reached, with many small tributaries 
joining the larger main stream and with numerous examples of drain¬ 
age rearrangement resulting from the capture of one stream by the 
tributaries of another; in old age only a few master streams have sur¬ 
vived the competition, and these arc large, with a few large tributaries. 

The second type of drainage pattern U formed where rock strata of 
vaj^ng degrees of resistance are inclined at an angle, so that the more 
resistant beds come to the surface to form cuesta ridges separated by 
asymmetrical valleys. Because of the relative case of stream erosion on 
the weaker beds, the valleys arc cjuickly excavated along the outcrops 
of these strata between the upstanding cuestas. The main streams may 
cross the ridges through deep, relatively youthful water gaps. The 
resulting drainage pattern is one of striking parallchsm-^f long, 
straight valleys, in strict accordance with the arrangement of the rock 
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strata, joined by short right-angled jogs where the rivers cross the 
resistant beds. This is known as trellis drainage (Fig. 230, h). 

Where the cucstas are arranged 
around the margins of a dome in 
circular plan, the trellis pattern is 
curved and is described as annulaf. 


18, Relief. These various fea¬ 
tures developed by running water 
may be constructed in various de¬ 
grees of relief. They may occur in 
nuniattire in a plain where the re¬ 
lief is slight, or they may be built 
on a grand scale in a mountain re¬ 
gion with very high relief. There 
is no essential difference in form 
between the Grand Canyon of the 
Colorado and the gully which de¬ 
velops in a plowed held after a 
heavy rain. 

During an uninterrupted cycle 
of erosion the surface is changed 
from one of slight initial relief to one of consitie table relief, and again to 
an ultimate surface of slight relief. As soon as the main streams feel the 
effects of rejuvenation they start the work of downward cutting. Dur¬ 
ing youth, therefore, the local relief is gradually increased. The amount 
of this increase in the long run depends on the depth of baselevcl below 
the surfacej in other words, on the amount of uplift- The maximum 
relief is reached when the interfluves become mature, W'hcn the tribu¬ 
taries have extended headward to dissect the last remnants of the initial 
surface. After the streams become graded the relief gradually decreases 
as long as the land remains undisturbed by earth movements. 


19, Developed in Arid Climates, Even in dry climates the 

sculpturing hy runnmg water is of dominant importance in producing 
landforms. The rare but violent desert rains give rise to floods which do 
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the work of er^ion and deposition quickly. The chief contrast with the 
work of running water in rainy lands. howc\'er. is the absence of a 
regional basclevel. Since most desert streams do not reach the ocean, 
they can carry material only from the higher surfaces Into the desert 
basins, or bolsom. The waste products are not removed from the region 
as a whole, but arc accumulated not far from their point of origin. The 
s^ucncc of desert landforms therefore consists of the vigorous erosion 
of the elevations and in the gradual accumulation of a great sheet of 
alluvium. At first tire mouths of the valleys arc marked by ^Ihwhl jam 
where they enter the basins. Later these coalesce to form a continuous 
compound alluvial fan around the piedmont. At this stage the land 
forms consist of three chief parts (Fig. BI, b): (1) the rapidly crum¬ 
bling mountains, deeply dissected by youthful streams; (2) the gentle 
slopes of the alluvial fans, which emerge from the mouths of the valleys 
and extend toward the center of the bolson in long, sweeping curves; 
and (3) the playa, or the saltoncrusted flat at the center of the bolsot/ 
m which water may accumulate temporarily after the heavy rains in 
the mountains. ^ 

As the desert sequence continues, the bolson is gradually buried 
^neath the advancing fans. In some cases a higher bolson mav be 
dissected by streams leading to neighboring basins at lower levels 
(Fig. 231, c). In the late stages, however, the bolson is filled with a 
great sheet of waste material, while the mountains arc reduced to rocky 
pediments thinly mantled with the fans and surmounted here and 
there by a few island-Iike insfllvrgc, the mountain remnants.^ These 
rocky platforms are called hamadas (Fig. 231. e). Wind action reaches 
a maximum in these areas (see section 30). 


muc Direct AcBon of Gtorit,- on Slope. The direct action of 
gtavty on dope. „ the leennd of the da ehief procese. of corrarion aod 
transpomtioii. The movement of the regoliih on the dopes beoins as 
^ as the stieams develop valley sides and the inteduves are diLcted 
by mbularies. The cHect of this movement is to change the interfluve 

profiles from the sharp coneavity of ntnnmg.svater eaeavation to a 

rounded convcjuty* 


W2 


^RcfcffTKC H. 



Fui. 231. Strtts of hiocJ^ Jiagrams HiMstrufiTig s seqriencc of land forms 
in an arid climair 
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Three kindj of rcgolilh movemcnE can be observedj which we shall 
describe as creeps and slide. Earth creep is perhaps the mosE ooin- 
mon of these. Any occurrence which causes the waste mantle to c-itpand 
produces a moycinent out at right angles to the slope, and the subse¬ 
quent contraction then takes place under the influence of gravity 
directly downward. The result is a gradual downhill (novemcni. Wet- 
ttng and drying produce rapid earth creep, and earth creep is at a 
minimum in those climates W'hcre the ground remains either per¬ 
manently dry or permanently wet. Freezing and thawing arc also 
active aids of earth creep. The presence of burrowing animals is an- 
a [her but quite different cause of creep. 

Earth flow is a smooth, downward semiliquid movement, generally 
restricted to the waterlogged rcgolith of the rainy tropics. The effect 
of earth flow is to produce concave rather than convex slopes. 

The presence of trees tends to retard both flow and creep, and so to 
maintain steeper slopes than would otherwise form. The gentlest slopes 
of the old-.ige interfluves would theoretically be developed in the tropi¬ 
cal grasslands, where wetting and drying would be extreme and yet 
where no retaining network of tree roots would hold back the move 
ment of rcgolith. 

The third type of rcgolith movement is generally limited to moun¬ 
tainous areas. Tilisi4 thcslide,oftfi!.a/fl«rAe, Where the geologic struc¬ 
ture is favorable the loose rcgolith forming on the steep slopes stands 
perilously balanced until some slight jar gives it a start. Slides are most 
common in the spring in middle-latitude mountains, when the frost 
begins to melt and when there is plenty of water to aid the movement 
Slides occur more frequently on shady slopes where the ground does 
not dry out quickly. Starting high up, perhaps with a single boulder, a 
larger and larger mass of the waste mantle begins to move With dc 
st^metive violence the avalanche rushes into the valley bottom, forming 
there a jumbled accumulation of boulders and broken tree trunks, 
ranged in a senes of low concentric ridges, perhaps blocking the stream 
to form a temporary lake. The avalanche scar on the valley side and 

/im repeated in mountain areas 

(Mg. 15/). Man sometimes creates avalanches through overstceping 
slopes by excavating for roads, railroads, and canals. 
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2i. Glaclei^. During a recent period of geologic history somewhat 
cooler and sEoncicr climates produced great accumulations of kc In 
various parts of the world. This period Is known as the Pleistocene, In 
order to produce glaciers it is necessary that more snow should fall dur¬ 
ing the winter than is melted during the summer; heavy snowfall anti 
cool summers, then, arc the climatic conditions which lead to glaciation. 
As the snow piles up to greater and greater depths, ice is gradually 
formed underneadi. As this ice increases m thickness, it tends to spread, 
cidicr downhill, if it lies on a steeply inclined slope, or out in all direc¬ 
tions from 3 center of accumulation, if it lies on a Battish surface. In 
this way the great ice sheets came into existence. In the course of long 
periods of time, as measured by human stantlards, the ice grew to great 
thicknesses and extended by further accumulation in the directions of 
heavier snowfall. Near the margins of the ice sheets, at least, there was 
considerable outward movement, and the resulting grinding and scrap¬ 
ing over the hills and through the valleys of the prcglacial surfaces 
brought about important changes in the character of the bndforms. 

The distribution of the ice sheets during the Pleistocene is shown in 
Fig. 143. At present large ice sheets exist only in Greenland and Antarc¬ 
tica; but high mountains, even on the equator, have smaller glaciers. 

22. Forms of Glacial Erosion by Ice Sheets. In hilly areas the work 
which the ice accomplished was largely that of erosion. The loose rock 
material at the surface was scraped oR and dumped into the valleys as 
irregular masses of heterogeneous debris. The bedrock, exposed on the 
preglacial ridges, was smoothed, rounded, and polished. Passing over 
a prcglacial hill, the scraping action of the ice w-as concentrated on the 
side toward which the ice was moving. The contour of the hill was 
smoothed and rounded; but on the Ice side, where the ice, in moving 
away, plucketl from the slopes any loose or broken fragments of rock, 
steep, jagged cliffs were formed. The charaacrlstic roc\ /till of a gla¬ 
ciated upland therefore has a relatively gentle slope in the direction 
from w'hich the ice came; a rounded summit, composed in many Ln- 
stances of bare, smooth rock; and a jagged cliff on the lee side. Many 
of the prcglacial valleys, how'cver, w<crc completely filled W'ith the rock 
debris scraped from the hills. Except for the rock hills, the ice left such 
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hilly country rougher than before, although, perhaps, with less total 
relief; anti with the melting back of tlie glacier, the many small depres' 
sions, produced both by ice gouging b bedrock and by irregular dep¬ 
osition, were left as lakes and marshes. 

23. Glacial Deposidoo. The enormous amount of debris picked up 
and carried by the icc w'as deposited on the lowlands, and, especially 
near the margins of the glaciated area, forms a Go%'ering in some places 
hundreds of feet deep over the preglacial surface. As long as the cli¬ 
matic conditions over the glacier favored snow accumulation, the icc 
itself, at least near the margins, continued to move outward in great 
tongues, or lobes. The actual position of the margin of the glacier, 
liowcvcr, was dependent on tw'o things; the rate of advance and the 
rate of melting. If the summers were cool and the melting slow, the 
icc front would advance; but if the summers were warmer, melting 
might go on so much faster than the rate of advance that the actual 
front of the ice would retreat. Cycles of wetter and drier and hotter 
and cooler years apparently prevailed during the glacial period, as they 
do now, for the icc advanced and retreated many times, ajid the rate 
of advance and retreat was very irregutard 

24. Moraines. Along the glacier front, where melting was active, 
the rock debris contained in the icc was dropped in irregular piles. If 
the rates of advance and melting were balanced and the ice front re¬ 
mained stationary for a period of years, a belt of little hills was built 
up, following the lobatc pattern of the ice margin {Fig, 232). These 
hilly belts arc called morahirs. In some cases the moraines had ex¬ 
tremely rough surfaces, composed of knobby hills and deep depres¬ 
sions—ticscribcd as ffttolf and btisin moraines. In other places only sag 
and itiieU moraines were formed. Moraines arc best developed on 
plains, and near the margins of the glaciated areas where the supply of 
rock material was large. 

25. Outwash. Moraines were deposited directly from the icc, but 
much of the material carried by the melting glaciers was spread out by 
floods of water. Glacial outwash filled in around the moraines and 
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burictl the pre-existing land forms under a mantle of water-laid sands 
and gravels even beyond the limits of the ice. 

The water which poured 
from the melting glacier de¬ 
posited its load under three 
different sets of circum¬ 
stances. VV'herc the valleys 
sloped away from the front 
of the ice, as in the case of 
the Mississippi system, ready¬ 
made drainage channels svere 
provided, and the floods were 
concentrated in them. Hun¬ 
dreds of miles beyond the 
limits of glaciation the floods 
of glacial waters ftlled the 
valleys. Broad doodplains 
were developed as the rein¬ 
forced streams advanced their 
valleys more rapidly than 
their smaller tributaries in the cycle of erosion. Such outsvash deposits 
.are called t/alhy trams. Except for the prematurely old main valleys, 
this type of out wash has not greatly modified the preglacial land forms. 

On tJie other hand, in areas where surfaces without adequate pre- 
glacial valleys lay beyond the melting Lee, the torrential waters were 
not concentrated. They spread an apron of sand or gravel in front of 
the moraine. The resulting plain, sloping gently away from the former 
position of the ice front, is called an oBtu>ash plain. Nor unconimonly 
such surfaces arc pitted with innumerable small depressions, resulting 
from the subsequent melting of ice masses buried iiniier the sands. 
When an out wash plain has been deposited over a country previously 
mantled with moraines, land forms of the most varied hinds are mixed 
together in heterogeneous confusion, 

26. Glacial Lakes. A very different situation was presented when the 
water fount! a surface sloping toward the ice instead of aw'ay from it. 
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let shiHt L ) Qlydfi] likee and draioBse tltutncli Ice fnnt 


Fic. 233. .'I iiiigif in the retreat of she tasi ice sheet from the Great Lai^es region, 
shoH’hg formation of glacialla^et ponded against the ice front, and the ternponiry 
drainage ehanrftis by way of the Uiinoh and Stahawi^^ rivers. ^ After F, B. Taylor) 

In this cast a lake was formed, with one side Jield in by the ice itself 
and with an outlet over a low place in the divide* The present Great 
Lakes of North America are bordered by lake plains w'hich were 
formed in this way when the outlet through the St. Lawrence River was 
blocked (Fig. 233).' The lake waters spread over much of northern 
Ohio and eastern Michigan, finding outlets at various times through the 
present site of Chicago to the [llinois River and through the Mohawk 
Valley to the Hudson. Similarly, when the outlet to Hudson Bay was 
blocked, the waters of the Red River of the North were ponded in the 
basin of the present Lake Winnipeg. A glacial lake, referred to as } ^ k f 
Agassiz, extended southward along the Red River Valley as far as the 
northern part of South Dakota, The lake plains arc among the flattest 
surfaces In existence in the workl; and in glaciated regions they provide 
exceptionally good agricultuial lands. 

‘Reference 2fi. 
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27. Other Gbchi] Forms. In addition ro these widespread forms of 
giaeJal deposition, there are a number of more unusual forms, which, 
nevertheless, are of great importance locally. The Jrafnlitss are 
rounded, elongated hills which loom conspicuously above their sur¬ 
roundings and arc composed of an unstratified mixture of boulders and 
clay. Kamffs are small, knobby hills of stratified sand and gravel, com¬ 
monly associated with moraines and not easily distinguished from 
morainic hills by surface form alone. Esi^Cfi arc long, narrow ridges of 
irregular height, some of which can be traced for scores of miles across 
the country (Fig. 232). They arc composed of coarse gravels with faint 
strariHcadon and arc believed to mark the courses of subglacial streams. 

28. Glacial Forms lit Mountains. Glacial forms in mountains differ 
in many ways from those produced by continental ice sheets. Since the 
glaciers arc mostly confined to tJtc valleys^ the ice erosion results in a 
sharpening of the peaks and a steepening of the valley sides. The 
giadai trough is the most striking feature developed by valley glaciers. 
Here we find that whatever the preglacial form of the valley, the ice 
gouges it out, scraping away the spurs, steepening the sides, and deepen- 
ijig and widening the bottom. The characteristic profile of a glaciated 
valley is that of a flattened U. The deep excavation of the main 
valley leaves the former tributaries perched high on the clilTcd sides 
as hanging talleyt (Fig. 234, d}. In the bottom of tJic trough horse¬ 
shoe moraines, marking the places where the ice front hesitated during 
its retreat, act as dams to hold back little valley ].ikcs. Where the 
glaciers were big enough to read; tlie piedmont and spread terminal 
moraiircs on tlie neighboring lowlands or gouge out rock basins in the 
valley bottoms, large marginal lai^et W'crc formed, extending upvalley 
for many miles. A number of these lakes appear on the map of the 
southern Andes (Fig. 166) i they are common in other parts of the 
world where similar alpine scenery has been developed,—for example, 
the lakes of the southern Alpine piedmont in Italy (Fig. 190). 

The most spectacular alpine scenery, however, is produced at higher 
altitudes. The snow field in which the ice of a valley glacier has its 
origin is commonly located high on the mountain slopes at the valley 
head. As the ice forms and moves off downgrade it plucks away the 
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rocks loosened by frost. The plucking action, quite similar to that 
which takes place on the ke side of a rock hill covered by a continental 

ice sheet {sect. 22), results 
in the hollowing out of 
an amphitheater backed by 
steepened cliffs. Vigorous 
glaciation produces great 
scmiclrcubj amphitheaters 
near the mountain crest at 
the head of each valley. In 
many cases small remnant 
glaciers still survive at these 
high levels; but where the 
ice has melted entirely aw'ay 
the almost vertical rock walls 
overlook the exposed floor of 
the basin, in which is nestled, 
among the smoothetl and 
polished rocks of the glacier 
bed, a little lake of cryscah 
clear, ice-cold water. The 
lake occupying such an ice- 
gouged basin is called a 
farn; the whole amphi¬ 
theater is known as a cirque 
(Fig. 2a4, d). 

The sculpturing of the 
mountain crests by the hcad- 
wa 4 "<l erosion of tlic cirt^ues 
develops a jagged skyline. 

Fic-234* i of did grams itiustruimg out thcir 

iltifcitipmctis of gkdai landformr m high amphitheaters on Opposite 
mmnfaini Sides of a range push back 

the head walls until only a 
knife<dge ot crumbling rock separates them. Here the divide is 
lowered to form a rol Knife^dgc divides^ or also separate the 
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neighboring cirqycs on the same side of the range. Meanwhile between 
the cols, and towering high above the neighboring cirtjocs, stand 
massive pyramids of frost-fractured rode. These are the horns which 
produce the characteristic "saw-tooth" sky line of alpine scenery, 

29. Postglacial Mountain Forms. Since the glacial period a deluge 
of rock fragments from the towering walls of the cirques and horns 
has partially obscured the glacial forms in some localities. Frost action 
at high altitudes is very active. Especially in the spring large quantities 
of broken rock fall from the cliffs and accumulate as talus cones at the 
base. Loosened fragments of rock break off and clatter noisily down 
into the valley. In some of the cirques the accumulation of waste is so 
great that huge roc^ streams are formed, descending into the amphi¬ 
theater bottoms and filling them with a tumbled confusion of rock 
piled on rock. 

30. Landforms Produced by Wind. Landforms producetl by wind 
are of much less importance than those devdopeil by the processes 
already discussed. Wind erosion can be effective only where Utcre is a 
supply of dry sand or dust to abrade the exposed rock surfaces. In the 
<iry lands, especially in the late stages (sect. 19), W'ind-sculptured forms 
arc nor uncommon, but elsewhere they arc rare. Wind swcepijtg over 
the fans of the desert bolsons, or over the ergs which succeed them in 
the dry-land sequence, picks up whatever loose material is available. 
Some of the material is too heavy to be carried far; this is rolled or 
skipped into dunes. The very fine particles, however, arc lifted high 
into the air and may even be carried beyond the limits of the deserts. 
Great accumulations of fine wind-blown material, known as loess, 
are found on the lec siiJcs of the svorld's great deserts. The re¬ 
moval of the finer particles from the desert fans is known as dcflaiton. 
Little by little the surface comes to be mantled with only the coarser 
pieces which arc too large to be moved by the wind. These frag¬ 
ments are fitted tightly tr^ether to form w'hat is know n as the desert 
pavement. 

Dunes are also formed in rainy lands W'herc a large supply of dry 
sand is available, as along a sea or lake shore. 
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31.ICarst. Lamiforms resulting from rock solution arc also nar¬ 
rowly limited in their distribution. Only certain kinds of rocks are 
suHidchily soluble to permit such development. Of the soluble rocks, 
limestone is the chief kind, although not all limestones are soluble and 
each limestone layer is of a somewhat different degree of solubility. 
Where solution can go on rapidly enough, caverns are formed under¬ 
ground; and the collapse of the cave roofs marks the surface of the 
earth with pitlike depressions, or (Fig. 235), The surface 

streams find entrance into these underground caverns and disappear, 
leaving only dry' valleys above ground. Such areas may, as a result, be 
deficient in moisture at the surface. Lands pockmarked in this way 
with sinks are called lands after the type locality where such forms 
arc developed on a spectacular scale, on the Karst Plateau, near the 
head of the Adriatic Sea in Yugoslavia (Fig. 190).‘ 

32. Shorelines. The relative changes of level between the land and 
the sea arc most noticeable along the shores. So unstable arc the 
relations of land and sea and so rapid arc the processes of shoreline 
development by ssaves and currents that these motlifications can be 
observed in historical time. Many arc the ancient seaports W'hich now' 
are separated from open water by miles of delta or coastal plain. 

In general two major classes of shorelines may be recognized. There 
arc shoreiines of Jir^wer^eisfe and sAorciiaes of rmergejire.* The for- 

»S« i-efcrenw 12. *Rjefcn:nce 74. 
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tner class is the result of either a depression of the land or a rise of the 
watery it is characterized by a greatly indented shore, with numerous 

bays, inlets, promontories, 
and islands. Where pre¬ 
existing river-cut valleys are 
drowned by submergence, 
leaving the interfluves to ex¬ 
tend seaward as promontories 
or strings of islands, the de¬ 
scriptive term ria s/iore is 
used (Fig. 36). Where a 
glacial trough is submerged, 
the result is described as a 
fiorj (Fig. 166). The shore¬ 
lines of emergence, on the 
other hand, are relatively 
straight, with few indenta- 
dons or promontories. Com¬ 
monly these are coastaZ-p/iu'/t 
sAorcs; but in some places 
mountainous shores are emer¬ 
gent, in which case the land 
rises abruptly from the W'ater's 
edge. Evidences of emergence 
can be seen in the raised ter¬ 
races (see section 33) now 
well above the sea level (Fig, 
236). 


Fig. 2.^/. frnti o/ ^/ocJ^ Mis- 

tk. ^ shor.l,nc o/ 33 Modifications. 

The waves ana currents along 
shores produce rapid changes on the land. The forniation of terraces is 
one of the most important of these modi heat ions. Actual cutting by 
the waves is confined to a horizontal zone between the wave crests at 
high tide and the wave troughs at low tide. This zone of cutting, how¬ 
ever, results in the development, by sapping, of a steep wirt/e-cH/ cliff. 
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Under ihe water, and not visible unless raised on an emerging shore, 
is a terrace, continued on its seaward edge by a u^ave'bniit 

terrace composed o£ the mate¬ 
rial cut from the land. 

Whether shorelines are 
emergent or submergent, in 
the long run die waves trans¬ 
form them into shores of very 
similar appearance. The ac¬ 
companying diagrams illus¬ 
trate the scciucnce of forms of 
a shoreline of submergence 
(Fig. 237). First the promon¬ 
tories are cliffed, and then 
spits and bav'liead bars .i]!- 
pear across the indenta¬ 
tions. Beaches arc eventually 
formed across the mouths of 
the hays, festotmeil from 
headland to hea^lland aiul 
enclosing half-moon-shafwd 
marshy lagcKjns. Later the 
headlands are farther worn 
back and the bays filled until 
a straight shore is produced, 

A shoreline of emergence 
(Fig. 2J8) is quickly pro¬ 
tected by an onshore bar, 
behind which a lagoon forms. 

In the rainy tropics this 
lagoon, like the smaller 
lagoons of the indented coast, is hlled with mangrove, but in the middle 
latitudes it is commonly covered with salt-marsh grass. Little by little 
the Iw retreats landward until eventually a straight shore again appears, 
w'ith no lagoon. All these various stages can be obscrs'cd on die shores 
of the lakes or the oceans. 


Fie. 239. A itriii o/ j6/aci^ diagrams Hint’ 

irating th€ of a sAi^r^imc of 
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54. Deltas. The building of deltas by streams is dcpenilent on various 
factors. Submergence and emergence arc balanced against the rate of 
delta growth; and delta growth, in turn, is determined by the amount 
of alluvium brought by the river, by the nature of the body of water 
into which the stream is flowing, and by other things. Marked shore 
currents greatly affect the shape of the growing delta. As a general 
rule rivers entering seas with strong tides do not build deltas, for the 
washing of the water in and out of the river mouths keeps them free 
from silt- On the other hand, deltas form rapidly in seas with small 
tidal range, such as the Caribbean and the Gulf of Mc-xico or the 
Mediterranean. 
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1. The Hydrosphere. Water covers 72 per cent of ihc earth’s surface. 
It not only fills the major depressions of the earth’s crust but also sul> 
merges the margins of the continents.. The oceans arc the reservoirs 
from which is derived not only the water that appears as a visible fea¬ 
ture of the landscape in riverS;, lakes, and marshes but also the invisible 
water vapor that plays such a vital part in dcEcrmining the world's 
climates (Appendix B). Among the first recorded observations of 
mankind was the apparently strange fact that "the rivers flow into the 
sea, yet die sea is not full," The ancients were observing only the visible 
part of a cycle which is of fundamental importance among the natural 
processes of our earth. Water is evaporated from the surface of the 
ocean. Onshore winds carry the water vapor inland, where, later, it is 
deposited as rain, hail, or snow, Wlicn this water reaches the land, it 
returns again through the rivers to the sea, either directly or indirectly. 
Not only is the supply of moisture essendal to living organisms on the 
earth, but also, of the six processes of land sculpture listed in Appendix 
C, only one, the wind, is neither directly nor indirectly dependent on 
the presence of w'atcr. 

Two general facts regarding the hydrosphere should be remem¬ 
bered. The first is the peculiar range of the earth’s atmospheric tem¬ 
peratures, which permits viater to exist on the face of our planet In 
the form of a lii^uid. The second is the contrast between fresh and 
salt water with regard to freezing point and temperature of greatest 
density. Fresh water is densest at 39.2* F. If this were not true, lakes 
and rivers would freeze at the bottom instead of at tlie surface, an<l 
the circulation of water in diem would be very different. Salt water with 
a salinity of 3.5 percent freezes at 28* and also reaches its greatest density 
at this same temperature. As a consct^uencc the deepest parts, which 
descend as much as six and one-half miles below sea level, are very cold.* 

'Fo*' i gencful Mmtpofiitibr tmtmeni uf iIk neeacis see reference 4 of tfii^ appendix. 
See lEso feferenccs I and 2 for o dDeHpHori of iSe tides nnd tKcir diitrlburion. 




APPENiDJX D ■ THE HYDROSPHERE 


2. The Nature of Ocean Water The water of the ocean is by no 
means uniform in character There arc great differences from place 
to place, and these differences arc of fundamental importance not only 
in tJie geography of the oceans themselves but also in the climatic pat¬ 
terns of the whole earth. There arc great differences in temperature— 
from temperatures well over 80* in (he equatorial regions to tempera¬ 
tures below 32“ in the polar regions. The highest ocean temperatures 
arc in the Persian Gulf and the Red Sea. Where temperatures arc high 
and evaporation Is rapid, the salt content of the water is generally 
higher than it is in areas of low water temperature. Marine organisms 
arc usually more abundant in cool or cold water dian in warm or hot 
water. And associated with these things are the colors of ocean water, 
which range from greenish to bluish. 

Generally, three major kinds of ocean water can be recogiuKcd. 
(1) In the high latitudes polar water is low in temperature, low' in salt 
content, rich in plankton and other marine organisms, and greenish 
in color, (2) In the low latitudes the tropical and sabtropied water is 
high in temperature, high in salt content, low* in organic fornvs, and 
blue in color. (3) In between arc the so-called mixed waters of the 
middle latitudes. 

3. Movements of Ocean Water. As in the case of all phenomena on 
the face of the earth that arc directly or indirectly related to the climatic 
features, there is a tendency toward symmetr)' in the pattern of arrange¬ 
ment. Departures from the symmetrical arrangement as regards ocean 
currents are due to the asymmetrical configuration of the continents 
anti ocean basins. In both hemispheres there arc two major lines of 
Convergence where water masses differing in temperature, salt content, 
life forms, and color arc in contact. These are known as the polar eon- 
vergeuee an<l the subtropical convergence (indicated by black lines on 
Plate 23). In the Norffiern Hemisphere low latitudes the easterly winds 
produce a west-moving current of water, which, under the influence of 
the earth’s rotation, tends constantly to swing to the right, or north, 
in the Southern Hemisphere the swing is to the left, or south. In the 
middle latitudes there is an cast-moving current of W'ater which, urgctl 
on bv the prevailing westerly winds, swings to the right, or south, in 
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the Northern HcmispJicrc, and to the left, or north, in the Southern 
Hemisphere. These two currents of water in each hemisphere tend to 
swing toward each other, meeting along the lines of convergence. There 
is relatively little mixing along this line; rather, the denser water sinks 
under the lighter water. 

The warm, west-moving currents of subtropical water strike the 
continental east coasts in the low latitudes. In the Pacific Ocean a strong 
equatorial countercurrent is developed, moving eastward between 5"" 
and 10* north of the equator all the way to the coast of Panama and 
Colombia. In the Atlantic, on the other hand, the counicrciirrcnt w'hich 
returns to the equatorial part of western Africa is relatively weak. The 
projecting nose of South America splits the west-moving current, de¬ 
flecting a considerable part of it northward into the Caribbean and the 
Gulf of Mexico. This strong current of warm tropical and subtropical 
water emerges between Cuba and Florida as the Gulf Stream, which 
bathes the cast coast of North America as far as about ^0" north. It 
then swings eastw-ard across the Atlantic as the North Atlantic Drift 
to the shores of Europe north of 35". The configuration of Norway 
permits this relatively warm w-atcr to penetrate even into the polar 
ocean, bringing ice-free waters to the northernmost part of Europe. 
The simibr current in the North Pacific, the Ruro Siwo, is not so 
strong and does not penetrate so far north. The configuration of 
Alaska and the Aleutian Islands docs nor permit it to reach the polar 
sea. The relative weakness of the Ruro Siwo can be matched against 
the relatively slight development of the equatorial countercurrent in 
the Atlantic. 

The west coasts of the continents between 35* and 15’ are bathed 
by relatively cold water. Here the equatorward-moving currents in 
both hemispheres tend to swing offshore. Close to the land, tlte w-ater 
is being replaced by up-welling from below, and is especially cold. 

Cold polar water mo ves cquatorward a long the east coasts of the con ■ 
tlncnts in higher middle latitudes, and meets the cast-moving water of 
the middle latitudes along the line of the polar convergence. The conti¬ 
nental east coasts are bathed by cold water as far as 40’ of latitude; and 
off the coast of eastern South America this cold water area is especially 
wide. These several currents arc indicated and named on Plate ^3 
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The movements of water in the Indian Ocean arc complicated by 
the seasonal shift of the monsoons. In the Northern Hemisphere winter 
there is a wcll-dcvclopcd westerly movement of the subtropical water 
both north and south of the equator. These currents, striking the cast 
coast of Africa, give rise to a strong equatorial countercurrent. In the 
Northern Hemisphere summer, on die other hand, the onshore south 
Asiatic monsoon reverses the direction of the ocean current north of 
die equator, and the equatorial countercurrent entirely disappears. The 
currents in the Bay of Bengal and among the East Indies are similarly 
reversed by the seasonal shift of the winds. 

4. Ground Water.* Three things can happen to the water that falls 
on the surface of the land: it can evaporate again, it can run off oi'er 
the surface, or it can sink into the ground. These processes are some¬ 
times described as fly-off, rttn'Off, and cut-ofF. The circumstances which 
increase or decrc.i5c evaporation have already been described {Appendix 
B). As regards the ratio between run-off and cut-off, the cut-off is 
greater where the regolith is porous than where it is relatively impervi¬ 
ous, it is greater on gentle slopes tJian on steep slopes, it is gicater when 
the rain falls slowly than when it comes in violent showers, and it is 
greater where tlic ground is protected by a cover of vegetation than 
where the ground is bare. 

Tiie water which sinks into the ground and is not used near the sur¬ 
face by plants fills the spaces between the rock particles of the regolith 
and even the cracks in the bedrock below. This store of w'ater is known 
as ground iva/cr. The portion of the bedrock and regolith which is 
saturated with water is known as the zone of saturdtion, and the top of 
the zone of saturation is termed the ground-a/ater lahU. Above the 
ground-water table is the zone of aeration, through which the cut-off 
must sink on its w'ay down to the zone of saturation. Water on its way 
down through the zone of aeration is called vadose water. The zone of 
aeration, however, may be moist even when there is no vadose water 
actually seeping through it; for just as a blotter may remain damp but 
not satumted, the upper zone of the regolith may contain considerable 
soil moisture, even during a protracted drought. 

^Rd'crcnfri 1 and 9. 
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The ^Qund-waicr table lies at varying depths below the surface. In 
pneral it follows the contour of the surface but without the smaller 
irregularities. The water table rises under the hills and falls under the 
valleys, but it is farther below the surface under a hill than under a 
valley. Where the water table reaches the surface of the ground, it 
forms a marsh; where it rUcs above the surface, k forms a lake or sup¬ 
ports the continued flow of a permanent stream. Even in the dry lands, 
where the characteristic streams flow only during and for a short time 
after a rain, ground water is usually to be found not far below the valley 
floors. Anything which diminishes tlic cutoff results eventually in a 
general lowering of the water table: thus the removal of the forest 
cover of a rainy land may result in the drying up of marshes and the fall 
of lake levels without any actual decrease in the rainfall. 

The ground water in rainy lands seeps through the regolith toward 
the valleys to come to the surface again in springs. Because of the varied 
structure of the regolith and of the bedrock, the movement of ground 
water is not always uniform. The position and force of water in springs 
arc determined by the underlying geologic structure. 

5. Common Wells. The common well is used to tap the supply of 
ground water. It consi.sts simply of an excavation deep enough to reach 
the zone of saturation. The ground water seeps into the well, filling it 
to the height of the water table. 

6- Artesian Wells. In some wells water rises independently of the 
local ground-water table an<] may even flow out at the surface. Tliesc 
are artenatt tfelU, The true artesian system rec|uires the existence of a 
special set of geologic conditions the essentials of which are illustrated 
in the accompanying cross section (Fig. 239). A stratum of porous rock 
{W)^i sandstone, let us say—is inclined at an angle. Its outcrop is 
m an area of plentiful ground water (C). This is the mtake of the 
artesian system, where the local ground water not only fills the usual 
cracks and fissures near surface but also U absorbed by the porous 
sandstone. Gradually this layer of rock is saturated, and water seeps 
underground long distances, even hundreds of miles, from the intake. 
Overlying the water-bearing stratum is an impervious rock (/?)-a 
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shale, for example,—through which the im¬ 
prisoned water cannot make its escape. Thus 
wlicn a fissure is found, or when man makes a 
boring, as at £)i, Di, or Ds, the water rises under 
pressure until it reaches the level of E. In some 
cases tile system is so placed that water actually 
flows out at the surface, making a flowing 
artesian well (£?* and Z)i); but in others the in¬ 
take is not high enough for this, atui the water 
only rises part way in the boring and must be 
pumped the remainder of the distance to the 
surface (Z)i). The essential requirements for 
such a system are tilted layers of rock, among 
which there is a porous water-bearing stratum 
under an impervious stratum, Wells may l>c 
bored hundreds of miles from the source of 
water. Obviously, however, the overuse of such 
a system may remove water faster than it is 
stored up and may bring about the eventual ex- 
haustion of tlie supply, as is threatened at Z7i, 

7. Hot Springs and Geysers. In many pans 
of the world there are natural springs the teiH' 
peraturc of which varies from slightly w'arm to 
hot or even boiling. These arc produced where 
the cracks and fissures in the bedrock are deep 
enough to bring the ordinary ground w'atcr in 
contact w'ith heated rocks. Few cracks reach 
depths greater than five miles, but evai at that 
distance below the surface the rock is very hot. 
Where pools of molten rock lie near the surface, 
as in volcanic regions, hot springs are common. 

Geysers are less common. A geyser is pro¬ 
duced in a fissure from which there is no outlet 
save at the top. Ground water seeping down 
into such an opening is heated at the lower end. 
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The temperature at the bottom may rise above the boilmg point, but the 
weight of the overlying water does not permit the formation of steam. 
Eventually the superheated water below is able to force a passage up 
through the tube, blowing out at the surface in a tall plume of spray. 

8. Hard and Soft Waters. As water sinks through the zone of aera¬ 
tion or seeps through the rcgolith to emerge again in the rivers, many 
minerals arc picked up in solution. It is the constant addition of mineral 
matter to the oceans and to the desert lakes which have no surface out¬ 
lets that gives such Ixidies of water their high mineral content. Waters 
which have a consUierabk amount of mineral matter in solution (chiefly 
CaCOt, MgCOi, and FeCO*) arc saiil to be hstd, [n general the ground 
water and the water in rivers is hardest in areas of limestone rock or on 
plains where movement is slow. The softest waters are found where 
the rocks are relatively insoluble, as in granitic areas, or in hilly or 
mountainous country where the runoJf is too rapid to permit the dis- 
.solving of such mineral matter. 

9. Surface Water, Surface water includes rivers, lakes, marshes, and 
glaciers. The kndforms related to these kinds of surface water have 
been discussed in Appendix C. 

The more or less regular rise and fall of streams with the passage 
of the seasons is known as the reglmtn. Regimens may be described 
as regular, irregular, or intermittent. The regimen of a stream bears 
a close resemblance to the rainfall of its drainage basin, but k is also 
controlled to a certain extent by a number of other factors. De Mar- 
tonne' illustrates the factors in regimen by a simple ctjuation; 

F^P-{C + E^ + K-)+S. 

In this equation F is the flow of the river. This is determined primarily 
by the rainfall <P), subtracting, however, the amount of water which is 
cut off by sinking into the ground (C) and the amount which is evapo- 
rated directly (E^) or indirectly through plants (F), and adding the 
amount of water which emerges again from the ground ss'ater through 
springs (5). Any condirion which diminishes the values of C and E in- 
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creases the flow of rivers. Yet since in the long run C and S arc very 
nearly balanced, it follows that the volume of water in the streams must 
vary largely witli P and E. The regimen of a stream, then, reflects 
closely the climatic conditions; it is most irregular in the or s climates 
and most regular in die / climates (see Appendix B), In the case of 
streams draining areas of considerable snowfall, however, the spring 
melting is commonly the season of high water. Lnhes have the effect 
of regularizing the flow of water, regardless of the regime of rainfall 

10. Ice. The following classification of ice forms was suggested by 
Nordcnskjold.*^ 

A* Higblund Glaciers 

I. la? fflfins anJ ice motion flcpcndcm on the character of the underlining icrrain- 
L Glaciers in distinct caichincnt basifis bordered by d^imbaling iccdrcc ridges^ 
outlets down valley (valley glacier)* Fig>2.34. 

2-Glacier occupying an isolated cacchmtf^i basin do the top of a plateau or 
highland (pkieau glackr)* 

3* Glacier resulting fram the accumutation of several converging valky 
glaciers zt the base oi a mouniab (picdmonl glacier). 

JI. lee forms and ice motion indcpchdelil or partially independent o( the under¬ 
lying terrain* 

4. Glacier covering moit of surface, akhough ihe general shape oi ihe under- 

lying icrrain is visible in the jee contour (near icecap)* Fig. 166. 

5* Glacier covering the whole surface to such a depth lhal no sign of the 
underlying terrain b apparent in the see cantour (inland see). Fig. 15S. 
Lowland Glaciers 

5. Accumulation of glacial ice in a hand along the base of a mountain; not 

fed, as is the piedmont glacier, by converging valley glaciers, but formed 
in pbee from snow' accumulation (ice fool)* 

7* Accumulation of glacial ice on the seacoast, c^itendiog out into the water 
$0 that in some cases its ouser margin is doaling^ and formed in place 
from snow accuonniation (shell ice). Fig. 137. 
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Table T. Percentage of Land Area in the Eicht Groups 



NoEtni 

AaiisajcA 

SODTB 

Ajuehica 

Afsica 

Eub<ip£ 

Asia! 

Aostralla 
New 
ZraEjvN's 
P murrxxKn 
E.titT Indies 

A.vtahcteca 

WoRf4> 

1 

10 

S 

34 

(T)i 

23 

27 

— 

Ifi 

TI 

4 

4a 

14 

— 

13 

27 


15 

UI 

(T) 

(T) 

1 

i e 1 

(T) 

5 

— 

1 

IV 

J4 

2 

tT) , 

3S 

7 

7 

— 

7 

V 

12 

30 

4G 

19 

10 

^7 i 

j — 

21 

VI 

21 

—. 

— 

22 

m 

- 1 

1 

10 

VII 

2^ 


— 

4 

6 

— 1 

1 

m 

VllI 

16 

IB 1 


11 

21 

7 

— 

12 


Table II, PopuLATtON (in HusUREOi op ThoiisaNw) bt Continents and Groups, 
Population STA-nsrtcj moM Various Sources, Estimated as of 1938 , Pehcekt- 

AGEs Are Gives in Italics 



Noirm 

America 

SOVTII 

Africa 

Kitropk 

Ah^ia 

ADRTIUMa 1 

New 

PlIIOrPINEii 

EahT 

AVeiKL1> 

I 

5,900 

3,300 

27.100 

100 

44,100 

100 

81,100 


S 

4 

IT 

m 

4 

m 

4 

J1 

19,900 

33,800 

32.500 

— 

442.700 

TTtlOO 

cos.oon 


U 


m 


40 

SJ 

33 

111 

3,800 

3,100 

9,300 

1 48,300 

12^500 

1,300 

TShSOO 


j J 

3 

6 

3 

/ 

£ 

4 

IV 

100,700 

2,300 

1,800 

327,000 

39D^-ioa 

6,900 

840,700 


53 

3 

i 

33 

se 

7 

39 

V 

22.1100 

2^,700 

08,400 

87,300 

35.fl00 

400 

200 TO 




4^ 

!T 

3 

(n 

13 

VI 

2,100 

_ 

— 

20,100 

12.^^ 

— 

35,000 


J 



4 

/ 


1 

VII 

(T) 


<—' 

rm 

300 

— ! 

1,000 





{T) 

m 


m 

vin 

23.100 

19.7D0 

22.100 

43,300 

140.900 

9.800 1 

253,900 


IS 

SS 

U 

3 

1 

la 1 

!L\ 


iniliMles leu than one fialf of one per rcnu 
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Tabi,e III. CuMATiG Data von SELECTKe Stations 

T* s; ternpcfamrr in FiEtrcnhein; Rf = rainfall b inchcv 



Jah. 

F^m. 

8fAii. 

A:^H±b 

Mat 

JS'n 

1, T. 

i 27.0 

28.0 

35.6 

44.4 

57.1 

06.5 

m. 

za 

5.4 

8.4 

33 

8-2 

2.9 

a. T. 

254 

27.0 

84.0 

47.4 

63.4 

40,1 

m. 

20 

2.1 

2.4 

2,3 

8,4 

33 

3- t. 

-33.1 

-tL3 

a.B 

20,1 

44.4 

Sfl.7 

Rl. 

0.0 

0.8 

' OJ 

O.T 

0-0 

1.3 

4. T. 

20.0 

81,4 

30,0 

47.4 

M.7 

47.2 

Rf. 

D.4 

09 

].0 

2.1 

2.4 

13 

3. T. 

5.3 

10.5 

28.4 

40.5 

51,0 

57J 

Rf. 

0.0 

0.4 

0.7 

0.8 

1.6 

3-2 

0, T. 

183 

18.7 

23.9 

30.0 

40.1 

49.0 

RJ. 

3.2 

2.7 

8-4 

2.4 

8.0 

8,0 

t*t^ 

57.0 

4«lI 

04.0 

70.T 

73.B 

72.3 

Rl. 

0.4 

0L3 

0.T 

0.2 

13 

4.5 

i- 

47.0 

41.7 , 

67^ 

T3.Q 

70.0 

HJ.O 

Rl. 

04 

0.5 

a? 

1.1 

1.2 

2.3 

i. T. 

180 

14.7 

25.4 

41.1 

55.1 

04.7 

JU, 

3.7 

8.2 

3,7 

1 

3.1 

3.4 

10. T. 

H3 

Z7A 

42.0 

603 ; 

75.4 

40,0 

Rf. 

4.3 

4.2 

4.7 

83 

4.4 

5.9 

11, T. 

30.4 

80.5 

33.0 

40.5 

50.4 

48.5 

Rf. 

32 

5.0 

3.4 

8.8 

3.5 

3.5 

IS. T. 

50.4 

54.4 

6a2 

44.0 

T4.0 

64.2 

Rf. 

ija 

0.7 

O.fi 

0.4 

0.1 

0.1 

IS, T. 

10.0 

183 

3IJ1 

448 

56.0 

09.5 

Rf 

0.5 

04 

0-5 

13 

2.5 

30 

14, T. 

-10,5 

-13.0 

-i3.a 

-1.7 

21.7 

8v5.3 

Ilf. 

OJ 

0.4 

0.3 ; 

03 

o.a 

03 

13, T, 

23,0 

411.8 

463 

61.S 

56.6 

01.4 

Rf 

4.5 

5.5 : 

43 

33 

2.3 

1.4 

10, T. 

48^ 

50 1 

843 

58.1 

63.8 

49.4 

Rf 

3.7 

8.0 

23 

1.6 

0.4 

0,1 

17. T. 

22 JI^ 

223 

25.7 

21.3 

85.6 

35.0 

li, T. 

81-0 

33.7 

443 

55,0. 

00.2 

74.0 

flf. 

2.3 

3-4 

3.5 

3.3 

4,8 

43 

10- T. 

12.1 

15.2 

20 0 

48.4 

54.6 

07.4 

Rf. 

0.9 1 

0.0 , 

1.5 

33 

3.9 

43 

20. T, 

54.2 

54.0 

64.5 

083 

40.3 

03.5 

Rl. 

IJ 

1.0 

1.5 

0.4 

0.8 

0.1 

01, T. 

4D.4 

81.4 

523 

543 

45.fl 

57.2 

Rl. 

4.1 

3.4 

3.1 

1.4 

ar 

0.1 , 

22, T. 

31.7 

844 

34.5 

41.3 

404 

51.8 

Rl. 

74 

4.5 

5-4 

5.0 

4.1 

8.4 

ti. T. 

71.0 

72.1 

71.0 

93.8 

453 1 

45LI 

Rf 

13.2 

7.2 

7.T 

2.0 

0.4 

0.4 

24. T. 

23.9 

72.6 

45.7 

fil.i 

50.0 

40.0 

RJ. 

5,1 

a.7 

4.4 

3,6 

2-5 

a.i| 


Jetly 


?J.7 

Z.St 

T4.D 

^.4 

6S.^ 

I.fl 

TS.il 

lj« 

01.1 

3.A 

4a,s 

3.3 

BP.i 

4.1 

53.3 
^4 

«1?.3 

3.T 

S2A 

4.4 

73.1S. 

4.1 

B0.4 

1-3 

74.3 
3.T 

40.^ 

O.fl 


0.4 

73.2 
0 

34.4 

74.5 
3.4 

72.3 
3.3 

04.3 

04 

47.3 
0 

34.J 

4.2 

62JZ 

D.2 

43.0 

2.3 


Ana. 


4il.& 

3.4 

73.9 
33 

44.3 
1.9 

74.S 

1.4 

59.2 

3.4 

47^ 

3.5 

49.4 
4? 

42.a 

2.4 

47,0 

3.3 

§3.2 

a.3 

72.1 

4.3 

33.0 

1.0 

72,a 

2.1 

09.4 

4.9 

44.4 
0.4 

739 

0 

«Ll 

77.3 

3.4 

65.4 
3.3 

43.4 
BLl 

37J 

0 

B3,4 

7.1 

M.4 

4.0 

3t,l 

2J 


Sut. 


43.2 
3.1 

■Efl.3 

3.1 

42.4 
1.7 

92.4 
1.0 

ftO.2 

1.4 

41.0 

4,0 

0iT.« 

4.9 

78.1 

4 4 

39.7 

3.5 

79J 

fl.O 

04,4 

3.4 

81.7 
OT 

63.S 

1.1 

32.1 
0.0 

00.9 

1J9 

49,3 

0.4 

is .3 

70.1 

3.2 

-BD.4 

3.1 

04.0 

o.i 

40.9 

0.3 

31.7 
lO.J 

49.1 

0.0 

54.0 

3.0 


Oct. 


33.fi 

3.1 

34.8 

2.4 

23.1 

14 

50.3 
14 

41.1 

0.7 

03,0 

3.0 

44.0 

1.4 

71.4 
34 

40.7 

3.3 

71,0 

34 

A5.e 

2A 

7D.0 

O.fl 

40.0 

0.3 

104 

0,7 

53.0 

3.3 

42-0 

0.0 

34.9 

383 

S.» 

43.1 

2.3 

94.2 

04 

38.9 
00 

43.S 

12.2 

704 

44 

52.0 

34 




4^^ 

3-3 

41.3 

2.4 


Dk. 


32,5 

3.4 

^-3 

S.l 


30.3 

0,4 

247 

0.7 

24.4 
44 

01.2 

04 

03.3 

14 

32.7 

3.4 

41.0 

3.1 

44.1 

3.4 

0S.6 

O.ft 

33.6 

D4 

0.3 

CM 

45.5 

44 

53.4 
1-0 

30.0 

45.4 

2.5 

33.1 
i.a 

50.1 
0.0 

354 

2.4 

33.2 
0.5 

703 

3.3 

sSj: 

3.1 


31.6 
0.7 

i4.a 

OJB 

20.7 
3,1 

50.5 
0.4 

5T.J 

1.0 

10.1 

3.7 

33.4 

4.3 

34.3 

2.3 

514 

0.7 

31.3 
0.5 

-15.4 

0.4 

41.0 

0.0 

44.2 
3.0 

24.2 

33.9 

2.5 

io,a 

1.0 

35j4 

1.3 

30.6 

4.8 

854 

OjO 

70.1 

11.4 

T0L9 

8.5 


Veap 


40,4 

40.0 

502 

33.0 


0.7 ; -13.1 . E2.B 
1-3 I.] 13.4 


40.0 

14.0 

30,0 

17.4 

33.1 
44.0 

45.7 

25.4 

71.4 

1B.0 

42.3 

40.4 

30.2 

37.3 

51-8. 

42.1 

gg .2 

7.0 

44.4 

lO.O 

10.2 
5^3 

82.3 

43.5 

50.0 

17.0 

82.3 

50.0 

394 

44.2 
27.0 

40.fi 

Oj3 

88.0 

22.0 

43.0 

34.3 

43.D 

53-5 

0LO 

J7J 
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Climatic Data j-oii Silecttd STAxiofrs (^ntirmcd} 



juf. 

Fu. 


Arn 

M*ir 

^^twm 

JCit 

Atjq. 

Bbft. 

Oct. 

! Not. 

' Dh, 

Vui 

Ifi. t. 

73^ 

72,6 

6».9 

0?.l 

66.S 

498 

60.4 

018 

03.8 

63.8 

88.4 

728 

02,3 

Rf, 

1.2 

4.2 


18 

1.0 

08 

0.3 

08 

0-9 

2.4 

4.0 

4.8 

27,7 

mT. 

814 

60.6 

60.7 

S0.3 

77.6 

76.4 

75.9 

763 

32.0 

fll.7 

52.0 

61-3 

79.3 

Hf, 

».a 

3.3 

SL3 

4^0 

20 

0$ 

o;2 

LI 

2:2 

48 

6,9 

6.1 

H.7 

BT*T. 

8S.4 

60.4 

6T,a 

64.0 

82.6 

01.2 

80.4 

00-3 

81.2 

83.0 

66.3 

a7.5 

61.4 

EJ. 

0 

3 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

O.l 

SSh T. 

46,8 

46 

46.0 

44.2 

4L0 

30.9 

39.0 

39,4 

40.1 

41.7 

42.8 

44.6 

12.7 

Ef, 

12.1 

2.7 

11.7 

118 

9.0 

O.i 

9.6 

6-4 

98 

9.4 

08 

10,3 

119.4 

m T. 

TS.t 

74j 

73.6 

708 

66.0 

02-8 

81.2 

01.0 

018 

03.0 

66.7 

70.0 

66.0 


a 

0 

0 

0 

0.1 

0.2 

o.a 

0.4 

0.4 

0.2 

0.1 

0 

' 1.7 

T. 

T&.fl 

80,1 

7D.7 

70.9 

80.1 

SOI 

40.0 

31-7 

638 

638 

52.2 

tO.8 

50.9 1 



0.0 

9.6 

S.3 

7.0 

3.6 

2.2 

J.4 

2.0 

4.1 

6.5 

77 

00,3 

ii- T. 

73.3 

76,4 

76.3 

774 

79.1 

74.1 

77.9 

77.3 

71.2 

^ 7a.? 

77,0 

708 

778 

Bi, 

2,7 


18 

1.6 

3.4 

7.9 

68 

9,8 

7.4 

4.6 

7,0 

4.7 

03.4 

3*. T. 

34.6 

M.3 

61.3 

3t.fi 

84.6 

64.fi 

648 

6i.e 

64.5 

6t.fl 

648 

' 81.6 

54,4 

Bl. 

4.1 

4,3 

6,1 

7,4 

6.0 

18 

0.6 

1-4 

2.9 

3.6 

3.7 

3.8 

438 

n. t. 

3B.a 

fiT.B 

6f.fi 

47.9 

41.2 

36.4 

36.1 

368 

438 

4S.S 

63.1 

60.3 

478 

Bl. 

P,8 

0,4 

08 

06 

0-0 

08 

07 

0.4 

<32 

0.4 

0.6 

0.9 

8.1 

3t t- 

67.3 

Afi.O 

fil.9 

64.1 

fi08 

48.0 

48,0 

46.2 

62.2 

68.1 

6j .0 

05.7 

08,4 

Bl. 

0 

q.i 

0.2 

0.6 

2.6 

3.S 

3.1 

2.2 

1.3 

0.5 

□.? 

0.2 

148 

Sfi. T, 

61.« 

80.4 1 

S7.9 

63.1 

40.6 

408 

46-7 : 

44.4 

460 

63.0 

560 

598 

02.9 

m. 

2.4 

3.0 

6.6 

0.4 

Ifi^ 

17.0 

18.1 

13.2 

S.7 

6.2 

5.0 

4.1 

1048 

M.T, 1 

S.I 

9.7 

17.4 

30,0 

41.6 

62.7 

59.6 

66.2 1 

45.7 1 

23.R 

31.4 

12,2 

32.3 

Rf. 

O.P 

0.7 

LI 

0.7 

1.2 

1.4 

2.6 

2.4 

3.1 

16 

1.3 

0.9 

17.1 

3T. T, 

19J2 

S2.B 

32.7 

47.4 

63.6 

72.fl 

?6.1 

73.B 

02.6 

498 

38.0 

20.0 

46.0 

El. 

0.6 

04 

0.4 

0-7 

O.T 

0-0 

0.6 

DLfi 

0.6 

0.6 

0.0 

0.6; 

8.8 

38. T. 

24.1 

23J 

S4.C 

278 

33.0 

W.7 

41.1 

40-4 

300 

3L4 

3S.9 

25.2 

31.4 

Bl. 

107 

16-1 

17 0 

10.2 

g.3 

7.4 

ll.S 

14.0 

16.9 

148 

16.0 

21-2 

1718 

3t, T. 

26.2 

30.6 1 

41.0 

52.? 

62,2 

44-9 

72.9 

728 

03.0 

62.9 

30.7 

30,9 

61.1 : 

BJ. 

LJ 

1.1 

1.6 

L7 

2.4 

3.fi 

2.7 

2.0 

18 

17 

1.9 

1.0 

23.0 

*D-T, 


62.2 

64.3 

67.6 

60.a 

66.7 

70.0 

71.1 

06.4 

82.2 

50.5 

01.6 

6CK1 

' RL 

3.6 

3.6 

3.4 1 

2.6 

1,9 

0.7 

0.1 

02 

1-4 

3.2 

4.3 

4.0 

2B8 

4LT_ 1 

12.6 

lfi.6 

S4.3 

34.1 

63.2 

60.1 

84.4 

80.4 

49.6 

380 

27.0 

17 6 

35.6 


IJ 

1.3 

1.4 

1-4 

18 

2.e 

3.2 

3.1 

2.2 

2.1 

l.T 

L6 . 

23.6 

4iT, 

34.3 

30.4 

43.2 

40.3 

H.l 

61 7 

54.8 

039 

0S.6 

600 

42.4 

3a.i 

60-3 

Rf. 

1-6 

1.4 

1.6 

1,7 

1.9 

2.1 

2.2 

2.1 

1.9 

2.3 

].9 

?.o 

2?,0 

43, T. 

29A 

20.8 

3LI 

36.3 

428 

tsa 

51.6 

50.6 

40.6 { 

30.2 

33.6 

30.0 

39.1 

Rf. 

3.6 

3.3 

3.7 

2.4 

19 

1.9 

19 

2.0 

2.5 

3.4 

3.7 

3.5 

34 JQ 

4i T. 

44.6 

46.6 

64.0 

S6.7 

64.4 

70.9 

76.1 

78.6 I 

69.6 

81.7 

62.7 i 

46 4 

09.T 

m. 

3.2 

2.7 

2.0 

2,8 

2.2 

1.5 

0.7 

1.0 

28 

5.9 

4-4 

3.6 

32.6 

«. T. 

30.6 

33.Q 
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Climatic Data for Selecteo Statioss {contintied) 
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W, T. 

5A.a 
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33.7 

04.3 
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06.0 
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02.0 
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■O.T 

03 
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31 ja 
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Al.fi 

40.1 

166 

2.3 

06 
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fia, T. 

30.A 

fiS.O 
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33.9 
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7&.l> 

704 

70.0 
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31.1 

00.7 
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06 
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36 
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-04 

10.7 

41.1 

30.9 
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42.9 
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Climatic Data foil StLECTEo Stations {cQtisimttd} 
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CLIMATIC STATIONS FOR WHICH DATA ARE GIVEN ON 
PAGES 568-57 1 

The number in i^enthe® rrfer, to the »uta of the data; the fcttw ivmboU are th«e of 
the Koppen classification ((« definilioiis in Appendix 0> s^i. JO), 


NorrA Ameriat 


Bwlnn, U.S.A. * a . 

. (2) Cfa 

2. Chicago, U.S.A, , , 

- 0)Dfo 

3. Da wson, Canada ^ * 

- 

4.DfiiivefH VSJi.. ^ ^ 

. (l)BSV 

5^ EdTTiontDJ3, Canada . 

. (DDfb 

0. Ivigtut, Greenland . 

. (DFT 

7. Mexico ^ ^ , 

. (1) BSAuf 

8. Maflicfrcy, Mexico , 

. <i)m 

8. Mon trcalf Canada. . 

- (I)D/i 

10. New Ortcanj. O^ A. 

■ (2)Qa 

IL New York U.SA. . 

. {i)Cfa 

12.PhocrnixH DjS,A. . . 

. 0)bipa 

13a Pierre, USA. . , , 

■ (2>3f5^«^ 

14. Pant Barr&w, Alaika 

■ (3>£Y 

15. PortLind (Oregon 


U.S..A. . . * . , 

0)ab 

10. Sacramcnlo, UJS.A. e 

. (3) Cia 

572 



17. Sagdiit, Greenland , . (3) ET 
IS-St. Louis, U.S.A, . . , {\)Cfa 
19*St,Paij], U.S.A. . . , (l)D/ff 
a>. San Diego, U,S.A. . . ( 1 ) 
Sl.San Ftancisco, U.S.A, . {\) Csbfn 
22 Sitka, Alaska .... (1) C/Ai' 


23. fteto Horizonte. Brazil. (4) Cmt 

24. Buenos .Aires, Argentina (i) Cjo 

25. Cdrdoba, Argentina . . (l)Cwa 

26. Ctiiabd, Brazil . . , . {{) Am 

27. Iquique, Chile. . . . 

26. Istote de los Evangclii, 

ta^ Chile.( 1 )^ 

”■ ..... (5) BIFAtir 

30. Manaus:. Braatii. . . . 0) Ami 
ai. Portot^in, Trinidad . (I) Amud 
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32. Quito^ Ecuador ... (5) Cf^ 

33. Santa CruZp Argentina . 

34. Santiago^ Chile ^ . . {1)0^ 

35. Valdivia, Cyk . . . (5) 


Etfrop€ 


36. Arkhangclskt U.S-5.1L , 

37. AstraMia!i| U 4 S.S.R. 1 , . 

38. Ben Nevu. Great Britain 

39. Hueure^ldp Romania . . 
46. Lisboa, Portugal . . . 

41. Moskva, U.S.S.R. . . . 

42. Paris, France .... 

43. Reykjavik, Iceland . * 

44. Roma^ Italy. . . . « 

45. Sutina^ Romania . . . 

46. Uppsala, Svicdcn . . « 
47^Vakn&a, Ireland . . . 


<n Dfc 

(&)ET 

(l) Dh 

{!) C,^ 
(I) Dtt 
wcfh 
(5)CA- 

<i) 

(!)/)/* 
il) Cfb 


Adi^ 

4S, Aibhabad, India + - 

49. Barnaul, U.S S^R- - - 

50. Baiavia^ Java . . . 

51. Beirut, Syria . . « 

52. Bombay, Indb . . « 

53. Bushirc, Iran . . « 

54. Calcutta, India . . - 
55 p Chcrtaptitiji, India . 

56. Cochin, India . . 

57. Cobinbop Cey^ri. . 

58. Hankow, China . . 
50, Hong Kong, Cbin^ * 

60. Jaipur^ India . . 

61. Karachi, Pakistan . . 

62. Madras, India , . . 

63. Mipko, Japan . . . 

64. Mukdenj Manehtiria« 

65. Nemure^ Japan . + 

66. .Vuwara Eliya, Ceylon 
67» Saigon, French Indo- 

China . . . . « 


- (l)Civg 
. {7)Dfi> 

. (I) Amwi 
. (i)Csa 
. (1) Allfg 
, {l)BShi 

. (1) AiPg 

. (I) C«?i 
. (I) Amgi 

. (8)C/- 
, {l)Cu>a 
, \\)BShw 
( 6 - 1 ) BWhuf 

. (JMw'' 

* (i) q*(-) 

, (I) Dwa 
. {\)D}h 

. (l)Aitrgi 


60, Sandakan, British Ntirrfi 


Borneo . . h * . 

(1) 

66, Tokyo, Japan . . . * 

(I) c/» 

»O.Tgnisk, U-S-S-tl, . . (Infi) 0/c 

Tl.Vcrkhnyattsik. UJSJL * 

(7) DwJ 

72. Vakoul4 L.S.S.R.. + , 

(7) DurJ 

73. Zi-ka-wei (Shanghai), 


China ...... 

il}Cfa 

yf/riftr 


74. Algiers, A Egcria . . . 

(l)CiM 

75. Bulawayo^ Rhodesia * . 

(I) BSkuf 

76. Cairo, Egypt k « . ^ 

(9) BWkf 

?7»Capc Town* South 


Africa ^ h + . # « 

(1) Cfb 

78^ Eniebhe, Uganda , , 

(!) 

79. Freetown ^ Sierra Leone , 

(]) dtap 

80. Johannesburg, South 


Africa. 

{1} Cwb 

SI, Khartoum. Ang|i> 


Egyptian Sudan . . 

(1) 8Wk$t^ 

82- Kimb^ley, Souds Africa 

(1) B$k‘^ 

83. Lagoa^ Nigeria. . + , 

(1) Anf'^gi 

S4.0'Qkiep, Sou th Africa , 

(1) Bti'if 

65. Fort Elizabeth, Souili 


Ajh-ica. 

(1) C/A 

86. Yaunde, Cameroon . . 

(6) Amu>"i 

AtiJtrsiiii 


87k Adebide . « ^ . 

(1) Cf4l 

88, Britibarbc ^ ^ » k 

(1) cf^ 

69. Darwin 

(1) Awgi 

80. Eucia 


81. Melbourne ..... 

(5) C/* 

62 . Sutart * k * p V , . 

(1) BWktif 

83, Sydney , . , , , ^ 

(I) Cfa 


AntarCtitii 

84. Framhdm Dtttc Amer- 

io.(3)HF 
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tioup Plate 13; vegetation, Fkic 14. See 
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404; commerc-al and subsistence, 62; 
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airUncSg 443-445 
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356; wiuter temperature* 3J6 
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Algiers* 41; climatic data, 571 
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alluvy fan, 32-^33^ 35-36, 542, 54J 
Al ps: attitude limits, 405M06, 4(M; cross 
section, 390; Lotschcntal, 397; popu¬ 
lation density, 412; surface coufigura- 
tionj 148p 2li7| 222, 425; transhu- 
mance, 410-^11,426 
altitude limits: crop and people, 402- 
407; highest human habitaEion, 402; 
suoiv lines and tree lines, 393-395, on 
Ml. St. Helens, 396; venical xortei, in 
mountains of North and South Amer¬ 
ica, 393, 403-^07, 4«H, in Alps, 404 
Amazon Valley: surface features, 89; 

temperatures, 79; vegetadou, 95 
Amu Ehrya, 39^ 50, 51 
.\ndcs, 87, 391-395, 394, 402, 46i, 409- 
410; fiorded ccast of South Chile* 
388; vcrikal ^ones* 393 
Andorra* 412-413; land use and settJe- 
n>cntp 413 

animals, domestic: in nomadic cultures, 
66-67^ 284-288* 377-378; origin of, 
285-286, Sef also tritder group names 
and specific animals 
animals, native, sea uador group riames 
annular drainage, 541 
Antarctica, 176, 366, 368: tcm|7cniture 
data for Utlk Americit 571 
amccedeni rivers, 390”39l 
anticline, 530 
Antofagasta, 53 

Appabchian Highlands, 181-182, /82, 
235* 237 
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Ar;sbb, 30, 38, 49^50 
AwIm, 42^3 
Aral Sci, IS, 51 
arete. S94, 550, 550 

/Vrgeiaiimi, sea Humid Pampa; sci‘ aisQ 
under regional names and group 
oamci 

Arkhangelsk, 354; climatk data, 56^ 
arroyot wadt 

artesian wcUs, 36. 37, 561-563, 563 
Asia: origin of concept, 121; population 
and area in dghi groups, 567. See 
uiso under Eurasia and group or re¬ 
gional names 

Astrakhan, climatic dnia, 569 
Aiacnma Desert. 30, 53-56, 53, 53 
atmosphere: appendix, 505-523; com- 
posiitoD^ 5(35; vertical divisions- ofi, 
392. See aisa under climate 
Australia, 157, 184^ 26l''26j, 32Z--123; 
surface features and climates of the 
southeast and south w^t, 15S. See 
aUo Australia—Southeastern Asia 
Australia—Souiheawcm Asia: papula- 
6an, Plate 6: surface features, Plate 
19; vegetation, Plate 20 
avalanche, 389^ 339, 544 
azimuth, 474 
Azizia, 26,41 

Baltimore, 235, 253, 446 
bananas, 95, 96 
Barcelona. 446 

Baredonnette, hours of sunlight, 398 
barley: in Mediterranean agriculture, 
143; at polar limit of agriculture, 358 
Barnaul, 354; climatic data. 570 
barriers, significance in Europe, 219-222 
baiclevel, 534-535 
basin irrigation, 46 
Batavb, ^8; eltmaric dara, 570 
bauxite, 433. 435 
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Beirut, climatic data, 570 
Belim, 79, 95 

Beb Horizonte, ctimatic data, 56S 
Ben Nevis, climatic data. 569 
Bcnguela Current, 30, Plate 23 
Berhers. 42-43 
Berlin, 11,207,203. 446 
biological inheritance, factor in popula- 
uon distribuiion, 164-165 
Birmingham, 446 
black prairie soil, 281; prohk. 282 
block mouuiain 530 
Boers, 58 

Bukhara, 50^51, 426—^28, 426 
bolson, lee nioiinLiin and bolson de^terEri 
Bombay, 102, 103, 446; climatic data 
570 

Bonne's projegtioti, 491 
bora, 126 

Boreal Forest Lands, 329-358; agricul¬ 
ture, 354-358; aninuih, 334; ebarac 
tcristics. 331-332, 358; climate, 334- 
339; distributionp .336-337; mining 
and lumbering, 35l’'353; positign on 
generalized cominent, 169; settle^ 
ment, 348-350; soils, M7; surface 
features and drainage, 339-346 
Borneo, 98 

Boston, 235, 251, 446; dimatic data, 565 
Brazil, 95. 114; iron. 434, See also Ama 
zon Valley titrd S5o Paulo 
Brenner Pass^ 424, 425 
Brisbane, dimatic data, 571 
BritLih CommonVrraJth of Nations: 
analysis of geographic srructurci 452- 
456, 453; dchnidon, 451 
brown forest soil, 106; prohle. 187 
BruMek, 446 

Bucure|ti. 207; dimatic data. 569 
Budapest, 207, 446 

Buenos Aires, 11, 290, Jll 446: dimatic 
data, 568 
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Buia^^ayo^ climatk data, 371 
Burma, 98 

BushirCp dimaik data^ 370 

Cairo, ^7^ 446; dimatk data, 371 
Calama, 3J 

CalcMiw, IJ, 102, 103, J06, 107, 446; di^ 
malic data, 370 

California, 124; Ccniral Valley triids 
farm^ I5i* ciim^ orchards, /55' crop 
IcNcaliaallon, 153, 155; grasses, 130, 
Jil; sequent oceupanct, 152-153; 
surface fcatufcsr 132 
camels, 3Sy 43^ 2^f7 

Canada: agriculture and settlcmcntp 
355, In Croup IV, 257-259, Ln Ciroup 
\\ 313-314, in Group M, 355, 337, in 
Group VII, 377; glaciation, 341, 343j 
industricsK 258^239^ 259; Laurenliart 
Upland, 339--340; md)Or lineaments 
and cropland, 355; ruEuiog, 351; 
plains, ^7; snowfall, 338; temperature 
in lower Mackenzie Valley, 336; 
trading posis and routes, 350; trans- 
portation^ in summer, 54i, in winEcrj 
J3J 

Cana! Zone, rce Panama Cana! 

Canton, 191, 446 

Cape Town, 57; rltmaiic data, 571 
eaitlc: in Argentina, 290, 314-316; in 
California, 152; in Canada, 337; in 
Chile, 156; in European agricuIiUfCt 
211; in India, 105; in Italy, 145; in 
mountains, 403, 410-411; in Rho* 
desk, 115; in the savannas, 320-322; 
in the United States, 290, 299, 312, 
312, 1860-1940, 303; world distribu¬ 
tion, 441 
chaparrah 129 

chernozem, 281; profile, 282 
Cherrapunjj, 85; dtmattc data, 570 
diestnui brown soil, 283; profile, 282 


Chicago, 11, 235, 252-253, 446; climatic 
data, 568 

Chile: Middle, 112. 134. 135, 154, 156, 
1S4; Northern, 53-56, 53. 55; South^ 
ern, 260-^261, Horded coast, 3SS 
China: agriculture and sctilemcnt. 190- 
200: climate, 178; industrialization, 
199: popularion, 193-195, 193, 199- 
200; rice, 196; surface features, 182- 
183, 191; iranspcrtation, 193, 2J7, 
219; wheat, 196 
chorography, defined, 107 
chromite, 433, 435 
cirque, 394, 397, 550, 550 
cities: great cities, II, 445, Table, 446: 
location, in eastern North America, 
249^257t in svesicrn Europe^ 212-214; 
primate cities, 214: urban functions 
and areas, 445—447. See tiha urban 
structure 

dinjs fruit, 153, 154, 155 
Cleveland. 235, 251-252. 446 
climate: classificaiieMi, 518^527; climatic 
data, 563-573; continental and ma^ 
rme, 172; controls. 20, 172-178, 511- 
518; definition, 7S; general arrange¬ 
ment of summer and winter tempera¬ 
ture. 173; general circulation of air, 
82-85. 174-178, 512-517; physical 
bases. 505-^511: mfcrences, 527-528;. 
systematic arrangement, 20; tropical, 
81; tropical high altitude, 392“393. 
Sre aUo atmosphere undrr group 
nam« 

dimatk regions (Koppen), Plate 3 
climatic zones, origin of t:ancepft 121 
coal: in China, 199; Ln Europe, 214- 
216, 225; in indusinal society. 434'" 
435; in ^Manchuria. 326-327; produc¬ 
tion. 435; Ruhr^ 215; in United Stales. 
252; world sources. 433. 435 
Cochin, climadc data. 570 
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codec: aldiudc UmitAj 40^, 4D5; m Sao 
Pdolo^ n2> IH; World distribution^ 
439 

cot, JH 550, 550 
cold ffcmtp 515 

Colombo^ 102; climatic cbta* 570 
Cotarado Pkicau^ 30, 38 
Colorado Rivcrp 3S 
Columbia Plateau^ 30 
commercial core, 251; defined, 449 
compass bearing^ 474 
Concepcion. 135, 154 
conductioni 505 
Congo Bum, 89, 89 
eooic projection, 488^90 
conifers, distributioo, 179, J80 
continental climate^ 512 
contour lin«, 497-499, 498 
conveciion, 509 
copper^ 433, 435 

Cdrdoba, 315; dbmik daia. 559 
corkp 129 
corn, see tnaiae 

Corn Belt. 298, 299, 299-307; con^ 
rrut^ lore^t and prairie sectfons, 294, 
295 

cotton; cotton belt, 237, 298, l04’-305, 
303, 437; India. 103, 105, m, long 
staple in dry landsj 64; world dbiri' 
buuon;. 457^ 438 
cnesta, 33, 539, 540 
Cuiaba^ climatic dalo, 569 
culture: definition^ 7; factor in distribu- 
fion of population^ 165-166; stages, 
7-9 

cycle of ertrabn^ 537 
cyclone: definition, 126; cydonie storms. 
514-517 

cylindrical prelections, 480 

Darwin, climatic data, 571 
date palm, 62-64, 63 
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DawsoHj dimatk data, 568 
Death Valley, 26, 23, 124 
deciduous forest defined, 73 
defiation^ 551 
Denver, dimaiic data, 568 
desert pavcmccitT ^51 
Detroit, 235, 241, 252, 2S3, 446 
difTcrcntial healing of land and water- 
506 

doldnim^, 83, J75, 513 
dome+ 130; diagram iJlustradng erosion 
of, 531 

DonerX Basin, 225. 453 
drainage patterns, see stream patterns 
drumlins, 549 
dry farming, 143, 311-3i2 
Dr^' Lands, 23-67; agrkuiture, 61-64; 
Atacama, 53-56, 53; charactemtics, 
25; cJimaie, 25-26; dwtribuLioFi, 29- 
31; Great Basin, 59-60, 61; Nile Val¬ 
ley, 45-49* 47; nomadism, 66^7; 
Mmlem World. 49-50p 49; oasis 
towns, 64-65; popubiion, 39-40; 
niitw;, 65-66; South AErica, 56-^59, 
57; surface features, 31-34, 541-542, 
543; Tarim Ba4iln. 52-53, 52; Turke^ 
Stan, 50-52, 51; vegetation, 26-29; 
vi-ater, 35-39; western Saliaia, 4CM5, 
41 

Durban, 57 

carthi;|Uakc regions, 386 
East Indiesi 98 
edapbie factors, 29 

Edmonton, 350, 355; climadc data. 
568 

cffeciivc national territory* defined, 465 

Elizabeihvillc, 115 

cluviaiion, 91, 279 

Entebbe, climatic data* 571 

ergt 33-34, 35 

cfosional pracesses^ 533 
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csker^t 549; iti Fintand^ 547 
E&kimQt 373-377p 175; disitihiiiionj 
373 

Etesian Winds, 125 
eucalyptus forest, 128 
Eucla^ clitnarit: data, 571 
Euphrates River^ 3S 
Euro^iap populaiion. Plane 5; surface 
conBguiation, Plate 17 ^ vegttationj, 
Pbtc 15 

Europe: agricultural regions* 227; coal 
and coke production, 225; eduiic dis¬ 
tribution, 208-210, 209; origin of con^ 
cept* 122; poSitical units, 223; popula- 
tioD, 13* Plate 4; settlement, 206-213; 
surface configuration, 181, 206-208* 
207, Plate 15; vegetation, Plate 16 
evaporation K 510 
evergreen forest, defined, 73 
cjcotic straim, 37-18 
extensive eeoiioniy+ dehned, 60 

Falkland Current, Plate 23 
fault, 530 
fcrro-ailoySp 412 
Finland, 547 

fiord, 370, 387, m, m; in south Chile, 

388 

floodplain, 91, 238, 240, 242, 243, 515- 
517 

floods, 185, m, 311, 146 
Florcocct HS; topogropKic detaih J40 
forests, effect on rainfall^ 518, 5ee a/ro 
vegetation 
France, 223-228 
pTeetowiip dimadc data, 571 
FresnOp 124, 154 
functional area, 447, 449 

goleria forest, 76, 180 

General Land OJEcc pbn# 240, 2% 

generalised continent, 169 


geogiaphy, 107 

Germany I 228-233; industrial regions, 
230 

geysers^ 563-564 

gira^cSt 276 

glacial drainage patternji 345* 346 
glacial lakes, 141-146; stages in filling, 

344 

gkeial landfomu, 141-346, 545-551; in 
high mountains, 387-388, 194^ 197, 
549-551,550 

glaciation, extent in Pleistocene^ 142 

glaciers, categories^ 565 

Cilasgow* 207* 446 

globe, gores far„ 484 

gnomonic polar projection, 487 

Gobi, 30 

gold, 433 

Goode's homoiosine projection, 484 
grade, 534—535 

grasstandSt 265-328; diaracferistics, 267, 
128; climatCp 27Ch271; nomadism, 
284—288; Dccupance, in Argentina, 
334—316, in Canada^ lli-314, Ln Man¬ 
churia, 323-128^ in Russian steppes, 
317-120* SB savannas, 320--123, in 
United States, 294-313; simple cul¬ 
tures, Z83“284; soils, 281-283; surface 
feaiures and drainage* 277-278; vege- 
ration, 267-276 

Great Easin^ 30* 38, 59H50* 61 
great circle* 482 

Great Lakes, gtadaj origin of, 543 
C^reat Plains, 269-270, 2^, 110-113^ 
1/2, 313 

Great Salt Lake, 59, 61 
Great Sandy Desert, 30 
C4reat Victoria Desert, 10 
Greece, 132, 133 
Grcehlandt 370 
Grosseio, 145, i46 
ground water, 36, 5fil-565 
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groups; general distribution, 169; [Ist, 
2(H2l; percentage of land area in 
eight groups, 567; spccihc dtstribu- 
tion^Pbies £0p 12, H, 16, IS, 2Q 
Gulf Stream, 177^ Plate 23 

hachuring, 4%^ 497 
hamada. 33-34. 542, 543 
Hamburg, 207,2J8* 446 
Hankow, 191,192,446; dimatirdata, 570 
heat equator, 79 

high inountains, 222, 394, i97; dehni' 
uon* 3S3; dblnbutioii, 19 
highis'aysj 442 

hilly upland, defined. SB. JS2, 264, 2i7p 

236 

Hindu Kush Mountains, 418^ 426, 426 
hinterland, defined, 447 
hogs: in the United States, 302; world 
disinbution*441 
Homestead x\ct* 291^ 312 
Hongkong, 191, 197^ 446; dimaiic data, 
570 

horse latitudes, 513 
HudsonV Bay Company, 349^350 
]4untid Pampa, settlement, 2iK>-291, 
314-3 i 6; agricultuial regions, 315 
humus accuniutatloq., 92, 279-280 
hurricane^ 5 If 

hydrosphere, 558-566; ground water, 
561-565; tee, 565; ocean w'ater, 559- 
561; ftrierencesp 565-566 

India, 102. I02'10S, lOJ 
Indus River^ 3S, 102 
industrial revolution, 1U, 211-2] 2 
industrial society, 11,12,429-t69; basic 
eoocepts, 452; dticj, 445—151; etner- 
gcncc in Europe^ 210-212; ihe great 
powers, 451—1^64; population, 13^16, 
464-469; faw maierials, 432-437; 
transpartatioo^ 437+ 442H45 
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In^Salah, 26, 41 
iasclbcrgc, 34, 542, 543 
insolation, 5D5-506 
intensive economy, defined. 60 
interfloves. 537 

intermom basin, 390; in Andorra, 413; 

in Botivia^ S7; in MesicOp 41 ? 
internaiionaE map of the worlds 492 
Iquique^ 53; dimntic data, 569 
Iran, 30+ 3B 

iron, J5i+ 433, 434,435 
irrigation: m Group 1, 41—4B; in Group 
n, 97-101; iti Group !II, 140-144 
isaiithms, 499-500 
bopleihs, 499-500 

iscithcrms, 172; vertical arrangement, 
391-392,392 
Italy, 147-143, 148 

laipur, dimatic data+ 570 
Japan, 200-204; industrial iAatioji^ 202; 
mountain settEement+ 4H, 413-416; 
population, 202-204; population of 
ceaimi Hoashu+ 4J5; surface features, 
183, 324; surt^cc features of ceotjal 
Honshu^ 414; territorial conquest^ 

21)3-204 

Java, 98, 101-I&2 

Jchmincsburg, 57, 322; climatjc daia. 

571 

jungle, 73 

Jura Mountains, 207; cross section, 390 

Kalahari+ 30, 56-59, 57 

kames, 549 

Kansas, agriedture in w^em, 310-311 

Kansas City, airvictv^ 293 

Karachi, 102; dimaiic data, 570 

karst+ 136, /37, 552,552 

Kashgar^ 51, 52, 53 

Katanga Dwtrict, 115 

Kbartoum^ climatic data+ 571 
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Khyber Pass, 41$, 4Z4-t28, 426, 427 
Kimberley, 57; climatic data, 571 
Kiruda district, 352 
Kokand, 51, 52 

Koppen's dassUicatlon of climate, Sta¬ 
s’?; delinitians, 52]-52 7; procedure 
in citifymgt 520--521 
Korta, 204y J24 
Krak^ioa, 

Kytxop 324.414, 446 

l^gosj 275; climatic data, 571 
L^kc EoTmcvillc, 6I> 65, 66 
bke^i 343-346; glacul, 547-^548; on 
headwaters af Missis&ippip 345; stages 
in hlling, 344 

Lambert*? azimutliaJ-equidisunt prfl^" 

tioiip 4S7-4fi9 

Lambert s conforrtul conk projection* 
490 

land area, pcrccniAge id the eight 
groups, 567 

Ijindforms: eJcmcnts produced by rDn- 
ntng w^ter^ 534; processes^ 533^556 
Lalerite, 92 
latitude* 475 

Laurentian Upland. 339-340 
leaching. 91. 279 
lead, 433, 435 

Leningrad, 207, 319^ 354^ 446 
Lc6iit dimaik data, 563 
Lima, eliimtk data, 569 
Li?boo. climatic data, 569 
lithosphere. 529-557; destmctional 
forms, 533-556; references, 556-557; 
tectonic forms. 529-^532 
Little America, 363; climatic data, 
57t 

Lis'crpool, 207, 446 
llama, 2S5, 2S6 
Loa River, 38, 53, 54 
Lob Nor. 33, 52 


loess, 32, 551 

London, 11, 2&7, 21S* 259* 262* 446 
longitude, 475 

Los Angeles, 124* 154,155* 444 
low mountain, defined, 33 
Lower California, 30 
ioxodrome, 481 

Madriis, 102: dimatic data, 570 
Madrid, 446 
Mabanadi delta, 107 
maia^e: altitude limits, 404, 405; in Ar- 
gentina^ 316; climatic requirements, 
300; in tropical agriculture, 96; bt 
United States. 234, 248, 299-301, dis¬ 
tribution. 1839-1939, 300, 301; world 
dkiribytioDi 440 
Makyi, 98. 454 

Manaus, 95; climadc data, 569 
Manchester. 446 

Manchuria: international conflicts, M6~ 
327; Oriental scttlenicat, 323-328, 
324; soybeans, 326^ 327 
manganese, 433, 435 
mangrove forest, 74^^ 
manioc, 96 

man-land relaiions: concepts of* 7-15 
manufacturing industries: in China, 
199; in eastern Unlied States, 249- 
254; m Europe, 211-213, 214-216; in 
India, 106-108; in Japan. 202; in 
Manchuria, 326-327; world distribu^ 
don, Plate 21 

maps. 473-504; bask requirements, 473- 
476; geographer 1 use of, 473; meas¬ 
urements, 476-47&; projeciiuns, 478- 
493; jTcferenccs* 504; sources, 502- 
504; symbols, 493-501 
maquLS, 129-110 
marine climate, 512 

Mediterranean Scrub Forest. 127^130, 

m, HI 
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Mcditcrnmcan Scrub Forest Laods, J L9- 
159; agricuitunr, 140™145; character¬ 
istics, 121-123; cbinate, 125^127; dis¬ 
tribution, 131, IdS; Italy, 147-14 S; 
McdittrrarEcaii Basin, 139-146- North 
America, 150-154; Palcsdnc, 149- 
150p 151; scuthern-hemispkere re¬ 
gions, 15-H157; surface features, 132- 
138; vegecatian, 127-130 
xMelbouroe^ 159^ 262, 446; cliinauc data, 
57J 

n-^ercitiorj 481^82^ Plate 7 
mercury, 435 

mesa^ 33, 539; diagram, 540 
\lcsabi range, 351, 353 
rnetcoroSogrea] prindplcs, 505-511 
xMcdco, 30 
Mexico City, 446 

Michigan, moraines and Indian LrdiU, 
241 

Mid^Latitude Mixed Forest Lands, 161- 
264; agricullure. Oriental, 195-197;, 
OccidentaU 210, 211, 234-237; agrl- 
cuJiurd regions, Europe, 227, North 
America, 245, 24S-249^ 298; charac¬ 
teristics, 163, 167, JSS, 263-264; cli¬ 
mate, 172-17&; distribution, 169, |78- 
100; settlement^ in Canada, 257-259^ 
in China, i9Q-2<}0, in Europe, 206^ 
223, in France, 223-22B, in Cemiafty, 
229-233^ in Japan, 200-204^ in North 
America, 233-^257, 259-260, in South¬ 
ern Hemispheret 26Ch263; soils, IS^ 
ISS; surface features and drainage, 
180-185; vegetation, 168-172 
migration. 14,167^ 467-463 
Milan, 14g, 207, 446 
mincralB, 432^37; world distribution, 
selected minerals, 433; fable of min¬ 
eral production, 435 
Minneapolis, 235 

Mississippi, headwaters, 345; lower, 243 
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misiral, 126 

Miyakoj dimatJe data, 570 
Mojave* 30 

Mollweidc projection, 4S3 
motybdenum, 433 
moDsoon, 34-g5, 177-17S, 512-513 
Monterrey, climatic data, 565 
Montrealp 235, 258, 446; dlmatic data, 
56S 

moraines, 546; in Finland, 547; in Mich¬ 
igan, 241 

Moscow^ 354^ 446; climatic data^ 569 
Moslem world* 49-50, 49 
moufitain and bobon deserts, 12-33, 
543, 543 

Mountain I^nds, 331—^Z8; as barriers, 
417-419; charactcristies, 3S3^ 384* 
428; climaic, 391-393, 395-396, 398- 
400; distribution, 19, 384; pass routes, 
419-^28; spotty distribution, 398—^00^ 
412-^17; surface features, 385-391, 
549-55 L; traushumance, 4D8--411; 
vealcal diffcretiiiatlon, 391-396, 401- 
411 

Mukden, 324; dimntic data, 570 

Nagoya, 414, 446 
Namib, 30 
Nanking, 19L 446 
Naples, 139, 148, 446 
Naichex, Mississippi, 242 

nationalism,^ 431* 451 

natural environment, influence of* 6, 
80-81, 165 

Nemufo, el [malic data, 570 

New England: indostrie, 249-251; 

w-oolen mills, Manchester* 25/ 

New Qrlcani* 235; climatic data* 568 
New York, U* B5, 254-^257, 255, 256, 
446; dimaik data, 56S 
New ^tand, 263 
nkkd, 433. 435 
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Niger River, 38,275 
Nile Valley, 38, 45H9,47 
nitrate, 433,435 
nomadism, 286^288 

North America: agricultMtal regions, 
245, 248-249, 298, 299-314; air 
masses, 516; cities and industries, 
249-257, 446; population, Elate 1; 
settlement, 234, 236-245, 294-299, 
349-358: surface features, 180-184, 
539-346, Pbie 9, eastern. 235; vege¬ 
tation, Plate 10- See also under re- 
gional and gioup names 
Koixh Polar Pegions, 3^7 
Norway^ Sogne Fioril in summer and 
’ivinteff 40S:, 4^ 

Nuwinra Ellyaj cHimtic iitat >70 

oak, limits oi bbtk+ in (he United Stales, 
179 

Occidental niUurc: basic concepts, 452, 
462; characteristics, 9-12; origin in 
Mediterranean Basin, 122, 138; sub¬ 
divisions, 205-206. bdusifial 

society I pre-industrial society t 
Soviet society 

occtipancc: defined, 39; distribution of 
maior forms, Plate 21 
ocean currents, S3-S4, 174, 177, 5I7i. 

559-561, Plate 23 
ocean deepSt 17, .185, 386 
oceanic vk^hirh, 83, 176-177, 512-513, 
Plate 26 
Oimckon, 335 
O^okiep, diniatic dai:a, 571 
Orange River^ 38, 56-59, 57 
Ordinance cA 1785, 240 
Oriental culture: characicristicSt 189, 
195; distribution, Plate 21; origin in 
China. 192 

Orinoco llanos, 277+ 27S 
orthographic pobr projection, 486 


Osaka, 324, 446 
outwash plains, 546-547 

Pakistan, 102-108, 102. m 
Palestine, 149, 150, 151 
palm, polt^vard limits^ 179 
Panama Canal, 420-423, 422, 423 
Paris. IL 207, 2Zf-225, 224, 446; di 
matic data, 569 
Patagonia, 30, 38 
peace River district, 350. 355, 357 
Peiping^ 191, 446 

PennsySvaniaj papulae ion and surface 
features, 243^ 246, 247 
perennial Errigatiofi, 46-48 
Perham, Minnesota, 244s 297 
permafnisCs 347 
Penh, 157, 15S 
Peru, 30 

Peru Currcnij 30, Pbiic 23 
petideum, 435-437; world distriburian, 
4i6 

Philadelphia, 11. 235, 246, 254, 446 
Phoenix* climatic data, 568 
phosphate:, 

Pierre, cUmalk data, 568 
Pittsburgh, 235, 251-252, 446 
plain-, 8'7; definedi S8 
plastk shading, 495^96, 496 
plateau, defined, 88 

platinum, 413 
pbya, 32, 542, 543 
podsol, 186-18S, 347; profile, 187 
Point Banow, 356; climaue data, 
568 

Polar Lands, 359-3 SO; animals, 364- 
366; characteristics^ 361-363, 380; cti- 
niate^ 366-369; JistribuiEoti, 169, 354, 
355, 367, 363; occupancc, Occidentah 
373-3BO, Eskimo, 373-377^ Eurasian, 
377-373; surface features, 369-371; 
vegetarion, 363-364 
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polar outbursts^ 125-126, 175-177,512^ 
517,516 

political divisioaA oi the world, Plate 22 
poly conic prelection, 491-492 
Population! ba^ic [actors in dbuibucion, 
164—158; by coiitincnts and groaps^ 
567; disiribtition, Fbtei 1-6 1 growth 
in industrial society, 13-15* 466-467; 
measyrement of density, 464-465; 
pressure, 465^66 

port Hlizabeth, 57; climatic dat^^ 571 
port of Spain^ climatic data, 569 
Portland (Oregon)!, climacit data, >68 
ports: eastern United Stales, 25>-357; 
Europe^ 218 

pralricp 271-274; rclaiion lo elimaic, 
27^274, 273 

precipiiaiion, 51 (1-511. Sec ahet ralnfat! 
pre- industrial society^ 12 
pncssurcT in mountains, 395-J96; world 
distribution m January and July^ 
Pbie 25 
Pretoria, 57 

primate city^ the law of, 2H 
Prmcetonj Illinois, 249 
principal licmisphcre, 445—444^ 444 

Queensland, 116 
QuicOt climatic dat^, 569 

radiation^ 505 
radium, 455 

railroads, 442; world distribution, 218- 
219,220, 221 
rain shadow^ 400 

rainWl: causes, H 175-178, 510-5U; 
diithburion, Pbtei 7 and 27; in 
mounuiins, 395, 399-100, in Switzer¬ 
land, 400; world's heaviest, 85, 399- 
400 

rainfaU effectiveness, 28, 19 
rcgolith, 278-279. 533-534 
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reindeer, 335, 357 
relative humidity^ 510 
relief, 17^18. 88, 541 
Reno. 59, 61, 124 
representative fraction, 475 
Reykjavik, ditnadc data, 569 
Rhodesia, 114-116^ ll5 
rhumb line, 481 

rice: in China. 99, J89* 1%-197,196; in 
Java, I00\ in India, 103,105; rtce-Land 
topography, 107, 194; world distribu¬ 
tion, 439 

rift Valley, 530, 532 
Rio BTo-Bio, 1 54, 135 
Rio de lanciro, 446 
rock field, 370 

Rome^ 148> 446; climatic data, 569 
rubber, world dUtribuiion, 459 
Ruhr, 214-216,215, 225, 229 
Russian steppes, 291, 317^520; detail of 
settlement, 320 
rye. World disEribution, 440 

Sacramento, 124^ 154; climatic data. 568 
Sahara, 30,15, 38, 4(H19. 41. 46 
Saigon, 93; climatic data. 570 
St. Lawrence River, 235. 253 
St. Louis, 235^ 253, 446; dimatk daia+ 
563 

Se. Panb 235; cUmatic data, 568 
Salt Lake City. 59-60, 61 
Samarkand. 50, 51 
Satt I3ieg0p 124; di malic data. 568 
San Francisco^ 124, 132, 154. 156, 446; 

ciimaric data, 568 
Sandakan, climatic data. 570 
Sansan-Flamstccd projection, 483 
Santa Cruz (Argentina), diinniic data, 
569 

Santiago. 135, J56; climatic data, 569 
Sio Paulo; bnd it$c, 112; popubrioiiH 
113,114,446 
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274—276; Centrtl Suiian,. 27S+ 
276; Oeddcntal settlement* 520-321 

scales* 4/4-475 

Scandinavian uplmdp 339, 3W 
sderophyll* 129 

seasonal sefninorruidismp 4Ei&-4n 
sdva^ /tff Tropidl Rain Forcsx 
seminoniailism* 286^287 
sequent occupance* 45 

settlcmcm patterns: General Land Of¬ 
fice plan. 2%; in Orietiiiil cultures, 
lfl7, 194; relation to bndfarms. ^9. 
242, 243, 244, 247; rebibn to routes 
of travel* 140, 240-245, 244, 248, 294, 
295, 297; in Russian steppes, 320 
setElcniient stages in Occidental cuUure* 

157* 159 

Shanghai, m, 446; climatic data. 571 

Shad River, 58* 275,277 

sheep* 145, m, 40i\ world disiribution, 

44Z 

shipping, 443 

shorelines, 552-556; of emergence, 137- 
138, 553, 555; of submergence^ 136- 
137. 554 
Siam, 98 

Siberia; climate^ 335, 338-339; settle¬ 
ment, 354. 354, 378; surface features, 
340^341; vegciationi 333* 354, 
also UfiicKi of Soviet Socialist Re¬ 
publics 
stiver, 433 
Singapore* 9S 
sirocco, 127 

Sitha, 175; cUmatk data* 568 
skerry. 371 

&nDw^* 338-339; in Canada^ 338 
soils: process* 91^2, 185-186. 278^ 
280; horizon, defined, 280; of wsix^m 
U-S-SJl^ 31S 
Somaliland* 30 
Sonora. 30 


South Africa. 57; grassland sctticmcnl, 

322 

South America: cities. 446; popubiion. 
467* Pbie 2; surface features, Pbie 
U- vegetation, Plate 12, See abo no 
der regional and group names 
Soviet society, 12; basic concepts. 462 
steppe?, 87 1 268^271* 308-, JJ2* 31 dis- 
iribuxion* 269; relation to climate, 
27(1. 271, 272, 273 

stercograpbic projection, 486 
Stockton* 124. 154 
strand flat* 371 
stratosphere. 392, 507 
stream (^ttems, 539-541* 541 
Stuart, dimatk data, 571 
Sudan* 275, 285 
Sudbury* 351 

sugar beets, world distribution^ 438 
sugar cane* HO, JO, 116; world dtstrh 
bution. 438 

Suiina, cbfnatic data« >69 
sulphur, 435 
Sumatra* 98 

sunshine: in high latitudes, 336* 337; in 
mountains, 398-399; in valley of Bar- 
celonnctte, 398 

surtace features: asymmetrical arrange- 
mem:* 19; definition of major cate¬ 
gories, 86, SB. 383; dry bnd, 31-34; 
rainy land* &2-^5; world distribution. 
Plates 9* 11.13*15.17* and 19 
Switzerland, population density, 412; 

rainfaU* 400; surface features* 425 
Sydney* 262:. 446; climatk: data, 571 
syncllne, 530 
Syr Darya, 39* 50^ 51 

taiga. J7/, 332-334, m 162 
ranezrouft. 36 

Tarim Batsin. 30, 38* 52""53, 52 
Tashkent 50. 51 
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Ttmptfratc Zone, origin of concept, 121 
temperature: grcatjcsi range, 26: in 
tnountauu, 591-393, 393-399: verti¬ 
cal arrangement, 392, 507; world div 
tribuiion, 173, Plate 2^; worlds high¬ 
est, 26j world's lowest, 335 
Thar, 30,58 
Tientsin, 191, J99, 44(5 
ticria calicnte, 403-107, 404 
tierra ir(a, 403-407, 404 
ticria templada, 403-407, 404 
Tigris River, 38 
tin, 453, 435 

Tokyo, 11, 324. 414, 446; cltmaiic 


Turkestan, 30^ 50-52, 51 
typhoon, 5]5 


data, 570 

Tomsk, 354; climatic data, 370, ^ I 

topography! defined, „ 

tornado, 555 ^ 

total r^alional irrrSrnnf. ) 1 


total t^aiional tcrrlloryj 
trade wmdi, 83, 5il . 

trsimhumance, 40S-4lI ; dcfiii;^ 4 p: . 
inuisponation. 437, 442-l45rTo«te* m 
Europe^ 216-218 
traverse, 476 
tTjaagulation^ 476-477 
Tropical Forest Lands, 6P-J IS; agricul¬ 
ture and sctdemenl, migratory, 93- 
9/, by Occidentals, 1H—116, by Orien¬ 
tals, 97-102, on plantations, UO-Hl; 
animals, 77--78; characteristics, 71, 
II6-IJ8; climate, 7S-81, 82-85; diJ 
tribution, 81-82, 169; India and Pak¬ 
istan, 102-108; popidaiion, 71, 76-77- 
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